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T    O 

Sir  JOHN  PRIMGLE, 

Baronet, 

President  of  the  Royal  Society* 

A    N    P 

PHYSICIAN  IN  ORDINARY  TO 
HIS    MAJESTY. 

SIR, 

THE.fubjea  of  M.  Lavoi- 
sier's  Philofophical  and 
Chemical  Effays,  has  already  been 
honoured  with  your  attention ;  and 
the  praife  which  you  have  fo  juftly 
beftowed  on  our  very  ingenious 
a  2  country- 
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countryman    Dr.    Priestley,     in 

your   elegant   and  learned  oration, 

on  delivering  to  him  the  honourable 

reward  of  his   refearches   into    the 

nature   and   properties   of  different 

kinds   of  air,  evinces   the  degree  of 

importance    in   which    you    efteem 

fuch  inquiries.     The  recent  difco- 

veries,    which    have    refulted    from 

them,  fully  juftify   the   decifion  of 

the   Royal   Society  ;   and  it  muft 

be  pleafing  to  every  individual  of  it 

to  obferve,  in  peruiing  the  hiftori- 

cal  part  of  M.  Lavoisier's  Treatife, 

the   very    large    fhare    which  their 

brother-members   have  fuftained,in 

this  interefting  inveftigation. 

To 
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To  you  therefore,  Sir,  as  Presi- 
dent of  the  firft  Philofophical  So- 
ciety in  Europe,  as  a  moil  compe- 
tent judge  of  the  merit  of  the  ori- 
ginal work,  I  beg  leave  to  dedicate 
this  Translation,  and  rcqueft  you 
to  accept  it  as  a  teftimony  of  the 
gratitude,  efteem  and  refped  with 
which  I  am, 

Sir, 

Your  moji  devoted 

and  obliged 

humble  Servant , 


Manchester, 
Feb.  i ft.  1776. 


THOMAS  HENRY. 
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PREFACE 


IT  has  been  obferved  by  one  of  the 
greateft  Philofophers  of  the  prefent 
age,  that  "  if  thofe  who  unhappily 
fpent  their  time  and  fubftance  in  fearch 
after  an  imaginary  production  that  was  to 
reduce  all  things  to  gold,  had,  inftead  of 
that  fruitlefs  purfuit,  beftowed  their  labour 
in  fearching  after  that  much  negleded  vo- 
latile Hermes,  wrho  has  fo  often  efcaped 
through  their  burft  receivers  in  the  difguife 
of  a  fubtle  fpirit,  a  mere  flatulent  explofive 
matter ;  they  would  then,  inftead  of  reap- 
ing vanity,  have  found  their  refearches 
a  4  rewarded 
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rewarded    with    very   confiderable    difco- 
veries."  *  '   • 

It  will  appear  that  this  obfervation  has 
been  ftrongly  verified.      Since   men   have 
ceafed  to  pay  attention  to  the  arrogant  pre- 
tenfions   and  idle  dreams  of  the  old  Al- 
chemifts,  and  have  directed  their  inquiries 
On  phyfical  principles,  a  very  rapid  pro- 
grefs  has  been  made  in  the  improvement 
,of  Chemiftry.      Myftery  and  empyricifm 
have  given  place  to  fyftematical  perfpicu- 
ity  ;  men  of  the  firft  character  in  Philofo- 
phy,  and  of  the  higheft  rank  and  opulence, 
have  become  cultivators  of  the  fcience,  and 
Chemiftry,  inftead  of  confining  her  pur- 
fuits  to  the  tranfmutation  of  metals  or  the 
difcovery  of  panaceas,    has   now   taken    a 
more  liberal  and  enlarged  field  of  aclion, 
•and    has    greatly   contributed,    and,    it  is 
hoped,  from  the  progrefs  which  fhe  every 
day  makes,  will  ftill  more  extenfively  con- 
tribute 

*  Kales's  Statics,  Vol.  I.  p.  316. 
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tribute  to  the  improvement  of  the  other 
arts  and  fciences.  By  her  affiftance  ^hilo- 
fophers  have  been  enabled  to  make  greater 
difcoveries  in  a  few  years,  than  they  were 
before  capable  of  effecting  in  an  age.  \  In- 
ftead  of  building  on  the  fandy  foundation 
of  hypotheiis,  they  now  eftablifh  more  du- 
rable fyftems  fupported  by  experiment  and 
rational  induction.  Thefe  are  the  trials  to 
which  every  new  opinion  is  to  befubijtit- 
ted ;  and,  however  plaufible  its  appeanjpce 
or  refpedable  its  inventor,  no  theory  %n 
be  admitted  which  will  not  ftand  the  teft: 
of  this  examination. 

The  advantages  arifing  from  the  aid  which 
Chemiftry  affords  to  the  other  branches  of 
Phyfics,  have  been  in  nothing  more  con- 
fpicuous  than  in  the  very  important  dif- 
coveries which  have  been  lately  made  rela- 
tive to  the  nature  and  constitution  of  Air. 
By  the  affiduous  application  and  unremit- 
ting attention  of  feveral  eminent  Philofo- 

phers ; 
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phers,  and  particularly  among  our  own 
countrymen  of  Meffieufs  Hales,  Black, 
Macbride,  Cavendifh  and  Prieftley,  a  num- 
ber of  experiments  have  been  made,'  by 
which  the  analyfis  of  this  fluid  has  been 
purfued  much  farther  than  could  poflibly 
have  been  expefted ;  and  hence  many  new 
and  curious  difcoveries  have  refulted,  which 
were  wholly  unforefeen  even  by  the  inge- 
nious experimentalifts  themfelves. 

Besides  the  moft  convincing  demon- 
ilration  of  the  exiftence  of  air,  in  a  fixed 
ftate,  in  fever al  of  the  hardeft  and  moft 
folid  bodies,  capable  notwithftanding  of 
recovering  its  elafticity  whenever  it  is  let 
loofe  from  its  bafis  by  the  aftion  of  fire, 
or  by  fermentation  or  effervefcence ;  be- 
fides  the  proof  that  it  is  contained  in  great 
abundance  in  calcareous  earths  and  alka- 
line falts,  and,  that  as  on  its  prefence  de- 
pend fome  of  their  diftinguifhing  proper- 
ties, fo  they  acquire  new  ones  by  being 

deprived 
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deprived  of  it ;  that  this  air  has  various 
degrees  of  affinity  with  different  bodies, 
and  is  capable  of  being  transferred  from 
one  fubftance  to  another ;  it  has  alfo  been 
difcovered  that  fixed  air,  when  reftored  to 
a  itate  of  expanfibility,  is  different  from 
common  air,  fatal  to  animals  who  breathe 
it,  yet  ftrongly  antifeptic,  not  only  refitt- 
ing the  putrefaction  of  animal -fubftances, 
but  even  reftoring  them  to  fweetnefs  and 
firmnefs  when  actually  putrid,  and  that, 
contrary  to  common  air,  it  may  be  abforb- 
ed  in  confiderable  quantity  by  water. 

These  laft  properties  of  fixed  air,  fug- 
gefted  the  idea  of  its  utility  as  a  medicine 
in  putrid  difeafes ;  the  trials  that  have  been 
made  have  fully  juftified  the  expectations 
that  had  been  formed  of  its  efficacy.  We 
are  arrived  at  the  power  of  imitating  the 
acidulous  and  chalybeate  waters  in  great 
perfection,  and  fixed  air  has  been  admi- 

niflered 
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niftered  in  various  forms,  and  with  confi- 
derable  fuccefs,  in  feveral  difeafes. 

However  firmly  the  do&rine  of  fixed 
air  might  appear  to  be  eftablifhed  in  Great 
Britain,  fome  formidable  opponents  to  it  arofe 
in  Germany.  Thefe  PKilofophers,  inftead 
of  fixed  air,  fubftituted  another  agent  which 
they  denominated  Acidum  pingue,  with, 
this  difference,  that  as  the  caufticity  of  al- 
kalis and  quick  lime,  and  the  folubility  of 
the  latter  in  water,  depend,  according  to 
Dr.  Black's  fyftem,  on  their  being^  deprived 
of  fixed  air,  the  German  theory  reprefents 
thefe  properties  as  depending  on  thofe  bo- 
dies pojfejjing  the  acidum  pingue,  which 
neutralizes  them,  and  thereby  gives  folu- 
bility to  the  one,  and  caufticity  to  both. 

The   decifion   of  this   controverfy,    of 
fuch  importance  to  fcience,  has  been  un- 
dertaken by  M.  Lavoifier  of  Paris,  a  Gen- 
tleman 
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tleman  of  diftinguifhed  rank,  and  an  In- 
tendant  of  the  Finances,  who,  amidft  the 
various  public  avocations  to  which  the  na- 
ture of  his  office  fubje&s  him,  purfues  a 
number  of  philofophical  and  chemical  re- 
fearches  with  almoft  unequalled  abilities 
and  perfeverance.  The  hiftory  which  he 
has  given  us  of  the  gradual  difcoveries 
which  have  been  made,  relative  to  the  fub- 
jedl  of  elaftic  vapours,  is  fo  entertaining 
and  inftruffcive,  and  his  experiments  fo 
well  conduced,  his  inferences,  in  general, 
fo  juflly,  fo  judicioufly  deduced,  that  I 
thought  I  could  not  render  a  greater  fer-* 
vice  to  the  public,  than  by  tranflating  M. 
Lavoifier's  Treatife  into  Englifh,  being 
fenlible  that  the  reading  of  foreign  books 
of  fcience  in  their  original  language,  is, 
from  various  caufes,  confined  to  a  very 
narrow  circle. 

Many  of  my  readers  will  perhaps  be 
convinced  that  this  remark  is  not  ill  found- 
ed,. 
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ed,  when  they  fee  how  much  has  been 
done  abroad  on  the  fubjedt  of  fixed  air. 
I  am  apt  to  think  that  the  modern  foreign 
authors,  of  whofe  works  M.  Lavoifier  has 
given  a  detail,  are  far  from  being  generally 
known  in  this  ifland ;  yet  they  feem  to  be 
diftinguifhed  by  an  ingenuity,  and  a  degree 
of  phylical  knowledge  well  deferving  of 
our  candid  attention, 

M.  Lavoisier,  in  his  aecount  of  the 
difcoveries  of  our  great  Englifh  Philofopher, 
has,  as  I  imagine  from  an  inefficient  ac- 
quaintance with  our  language,  fometimes 
mifreprefented  that  Author's  meaning. 
Where  this  was  the  cafe,  I  have  either  al- 
tered the  text  by  reftoring  Dr.  Prieftley's 
own  words,  or,  where  that  could  not  be 
fo  conveniently  done,  have  pointed  out 
and  corrected  the  miftakes  by  notes.  I 
have  likewife,  as  M.  Lavoifier's  hiftory 
only  recounts  Dr.  Prieftley's  experiments 
as  publifhed  in  the  Philofophical  Tranfac- 

tions, 
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tions,  with  a  view  to  make  the  hiftorical 
part  more  complete,  added  a  fhort  account 
of  his  more  recent  difcoveries  contained  in 
the  firft  volume  of  his  Experiments  and 
Obfervations  on  different  kinds  of  Air„ 
In  order  to  diftinguifh  thefe  notes  from 
thofe  of  M.  Lavoifier,  I  have  marked  them 
with  the  initial  letters  of  my  name. 

I<  should  have  been  apprehenfive,  from 
my  very  fhort  acquaintance  with  the  French 
language,  of  publishing  this  Tranflation, 
had  not  my  friend  Mr.  Aikin  of  Warring- 
ton kindly  undertaken  to  revife  the  fheets. 
His  perfedt  knowledge  of  the  language  and 
of  the  fubjedt,  have  certainly  contributed 
to  make  it  more  free  from  error,  than  I 
fear  it  would  otherwise  have  been, 

A  memoir  of  M.  Lavoifier's,  read  be- 
fore the  Royal  Academy  of  Sciences,  on 
the  nature  of  the  principle  which  com- 
bines with  metals  during  their  calcination 

and 
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and  increafes  their  weighty  has  been,  late- 
.  ly,  put  into  my  hands,  and  I  thought  it 
proper  to  add  this  by  way  of  Appendix ; 
and  the  publication  of  Dr.  Prieftley's  fe- 
cond  volume  on  the  fubject  of  Air,  has 
enabled  me,  with  that  Gentleman's  appro- 
bation, not  only  to  give  his  fentiments  on 
the  nature  of  that  principle,  but  alfo  his 
ideas  of  the  conftitution  of  common  air. 
But  fo  much  interefting  information,  fuch 
important  difcoveries  abound  in  that  work, 
that  nothing  but  a  perufal  of  the  whole 
can  fatisfy  any  perfon  pofTefled  of  the  leaft 
philofophical  tafte. 


ADVER- 
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FRENCH    EDITION. 


DURING  more  than  ten  years 
that  I  have  applied  myfelf  to 
Phylics  and  Chemiftry,  and  have 
devoted,  to  thefe  two  fciences,  the  time 
of  which  my  other  occupations  have  per- 
mitted me  to  difpofe,  my  materials  have 
fo  greatly  accumulated,  that  I  cannot  pof- 
iibly  expect  they  will  find  a  place  in  the 
Collection  of  Memoirs  of  the  Royal 
Academy  of  Sciences.  Belides,  moft  of 
the  objects  which  have  employed  my  at- 
tention have  required  too  great  a  number 
of  experiments,  and  too  great  an  extent  of 
difcuffion,  to  leave  it  poffible  for  me  to 
b  confine 
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confine  them  to  the  bounds  prefcribed  ta 
our  Memoirs,  and  I  therefore  thought  my- 
felf  indifpenfibly  obliged  to  form  them  in- 
to diftindt  Treatifes. 

The  diverfi ty  of  fubjeds  which  I  have 
to  offer  to  the  public,  the  uncertainty  alfo, 
under  which  I  remain,  to  determine  in 
what  order  I  lhall  publifh  my  Memoirs, 
have  impofed  on  me  the  neceffity  of  chu- 
ling  a  general  title  applicable  to  the  whole, 
and  that  of  Phyfica!  and  Chemical  Eflays 
appeared  to  me  more  proper  than  any  other 
to  anfwer  my  intention*  This  title  will 
apprife  the  reader  of  the  indulgence  for 
which  I  have  occafion  i  it  will  give  me  the 
liberty  of  prefenting  him  with  detached 
obfervations ;  and  laftly,  it  will  even  ren- 
der excufable  the  very  diforder  which  may 
appear  in  the  arrangement  of  the  materials. 

We  eafily  become  interefted  for  the  fub- 
je£t  on  which  we  are  employed,  and  the 

laft 
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laft  labour  in  which  we  have  been  engaged 
is  commonly  the  favourite  objed.     This 
weaknefs,  from  which  it  would  be  diffi- 
cult, and  perhaps  dangerous  to  guard  our- 
felves,  has  doubtlefs  induced  me  to  publifh 
firft  what  I  have  colle&ed  concerning  the 
exiftence  of  an  elaftic  fixable  fluid  in  fome 
fubftances,    and    its    difengagement    from 
them,  although  this  work  is  the  laft  I  have 
written  j  belides  the  kind  of  intereft,  which 
men  of  fcience  feem  to  take  in  this  fubjeft, 
and  the  refearches  which  multiply  on  every 
fide,  would  certainly  have  been  a  fufficient 
motive  to  determine  me,  and  it  is  unnecef- 
fary  therefore  to  fearch  for  any  other. 

I  designed  to  have  inferted,  in  this 
volume,  fome  much  more  elaborate  details 
on  the  precipitation  of  metals  diflblved  in 
acids,  and  the  confiderable  augmentation 
in  weight  which  they  acquire  in  that  ope- 
ration ;  but  the  neceflity  of  firft  invefti- 
gating  the  nature  of  the  acids  themfelves, 
b  2  of 
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of  knowing  the  principles  of  which  they 
are  compofed,  and  the  cafes  in  which  their 
decompofitiori  is  effected,  &c.  prevented 
me ;  and  I  have  been  convinced  that  many 
things  were  previoufly  to  be  done.  From 
thefe  and  other  fimilar  motives,  I  have  al- 
fo  deferred  the  publication  of  my  experi- 
ments on  fermentation  in  general,  and  on 
the  acid  fermentation  in  particular. 

This  firft  volume  will,  I  hope,  be  fol- 
lowed by  feveral  others,  and  in  thefe  I 
fhall  fucceffively  enter  on  a  train  of  expe- 
riments which  are  already  numerous,  and 
which  I  ftill  intend  to  increafe ;  id,  on 
the  exiftence  of  the  fame  elaftic  fluid  in  a 
great  number  of  bodies  in  nature,  in  which 
it  has  not  been  hitherto  fufpected ;  2dly, 
on  the  total  decompolition  of  the  three 
mineral  acids ;  3dly,  on  the  ebullition  of 
fluids  in  the  vacuum  of  an  air  pump ; 
4thly,  on  a  method  of  determining  the 
quantity  of  faline  matter  contained  in  mi- 
neral 
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neral  waters,  from  the  knowledge  of  their 
fpecific  gravity ;  5thly,  on  the  application 
of  the  ufe,  either  of  pore  fpirit  of  wine, 
or  of  fpirit  of  wine  mixed  with  water,  in 
certain  proportions,  to  the  analyfi-s  of  the 
very  complicated  mineral  waters;  6thly, 
on  the  caufe  of  the  cold  which  is  obferved 
in  the  evaporation  of  fluids ;  7thly,  on 
different  points  of  optics,  on  which  I  have 
had  occafion  to  be  employed  in  a  Memoir 
relative  to  the  lighting  of  the  ftreets  of 
Paris ;  a  work  which  the  Academy  have 
been  pleafed  to  reward,  in  their  public 
.meeting  at  Eafter  1766,  with  a  gold  me- 
dal, and  in  which  I  have  fince  had  occafion 
to  make  confiderable  alterations  and  addi- 
tions 5  8thly,  on  the  height  of  the  prin- 
cipal mountains  in  the  environs  of  Paris, 
compared  with  the  level  of  the  river  Seine, 
meafured  both  by  the  aid  of  a  good  qua- 
drant belonging  to  M.  le  Chevalier  de 
Borda,  and  alfo  of  an  excellent  level  with 
a  bubble  of  air  and  a  glafs,  conftru&ed  by 
b  3  M. 
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M.  de  Chezy,  and  the  property  of  M, 
Perronet :  Laftly,  I  fhall  add  a  numerous 
train  of  obfervations  on  the  barometer, 
made  in  different  provinces  of  France  -,  I 
fhall  give  a  fketch  of  the  inner  part  of  the 
earth  in  thefe  provinces  to  a  pretty  confi- 
derable  depth,  the  order  which  is  obferved 
in  the  ftrata,  the  conftant  level  at  which 
certain  fubftances  and  certain  ihells  are 
found,  and  the  remarkable  inclination 
which  fome  ftrata  always  have  in  the  fame 
fHredtioi). 

These  different  works  are  moftly  far 
advanced*  feveral  of  them  have  even  beer} 
long  fince  figned  by  M.  de  Fouchy,  per- 
petual Secretary  to  the  Academy,  I  there- 
fore exped:  that  it  will  foon  be  in  my 
power  to  fubmit  them  to  the  judgment  of 
fhe  public? 
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A        SUMMARY 

HISTORICAL    ACCOUNT 
Of  the  ELASTIC  VAPOURS  which 

ARE  SEPARATED  FROM  BODIES  DURING 
EITHER  THEIR  COMBUSTION,  FERMEN- 
TATION OR  EFFERVESCENCE* 


THE 


INTRODUCTION, 

A  GREAT  number  of  foreign  Philofo* 
phers  and  Chemifts  are  at  this  time 
employed  in  refearches  concerning  the 
fixation  of  Air  in  bodies,  and  the 
elaftic  vapours  which  are  feparated  in  the  com- 
bination as  well  as  in  the  decompofition  and  re- 
folution  of  their  principles.  Various  Memoirs* 
Thefes  and  DifTertations  have  appeared  on  this 
fubjec"t  in  England,  Germany,  and  Holland, 
B  The 


2  INTRODUCTION. 

The  French  Chemifts  alone  feeni  not  to  take 
any  part  in  thefe  important  inquiries ;  and  while 
the  difcoveries  of  other  nations  increafe  every 
year,  our  modern  publications,  the  mod  com- 
plete, in  many  refpecls,  of  any  that  have  been 
written  in  Chemiftry,  are  almoft  totally  filent 
upon  this  fubjeft. 

These  confederations  induced  me  to  think  it 
necefTary  to  give  the  public  a  fliort  account  of 
every  thing,  which  has  hitherto  been  done,  re- 
lative to  the  combination  of  Air  with  bodies, 
and  to  give  an  accurate  defcription  of  the  difco- 
veries which  have  been  made  in  this  fubjeft. 
This  I  propofe  ta  do  in  the  firft  part  of  this 
Treatiie.  I  have  endeavoured  to  perform  it 
with  the  utmoft  impartiality,  and  I  have  con- 
fined myfelf,  as  much  as  pofiible,  to  the  fimple 
character  of  an  Hiftorian. 

In  the  fecond  part,  an  account  will  be  given 
of  my  own  experiments.  Thofe  which  are  re- 
lated irt  the  firfl:  Chapter,  are  intended  to  fitf 
the  opinion  of  Chemifts  in  regard  to  the  ^different 
fy  Items  of  Dr.  Black  and  Mr.  Meyer.     I  believe 

I  have 
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I  have  arrived  to  as  great  a  degree  of  certainty, 
in  this  refpect,  as  can  be  hoped  for  in  Phyfics. 
The  following  Chapters  treat  of  the  union  of 
the  elaftic  fluid  with  the  metallic  calces,  of  the 
burning  of  Phofphorus,  of  the  formation  of  its 
acid,  of  the  nature  of  the  elaftic  fluid  difcharged 
in  the  folutions  of  metals,  &c.  &c. 

It  muft  be  acknowledged  that  this  lap:  part 
of  my  work  is  not  fo  complete  as  I  could  wifh, 
and  that  it  is  not  even  without  fome  degree  of 
regret  that  I  publilh  it ;  But  as  it  is  eafy  to  lofe 
one's  way  in  a  road  but  little  travelled,  I  re- 
flected how  important  it  might  be  for  me  to  be- 
nefit myfelf  by  the  remarks  of  the  learned, 
though  it  might  expofe  me  at  the  fame  time  to 
their  criticifms.  It  is  principally  with  this  view 
that  the  latter  part  of  this  work  is  publifhed 
in  this  (late  of  imperfection  \  and  I  am  already 
aware  that  I  have  occafion  for  all  the  indulgence 
of  my  Reader. 
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CHAPTER     I. 

Of  the  ELASTIC  FLUID  described,  to  the 
time  of  PARACELSUS,  under  the  name 
of  SPIRITUS  SILVESTRIS,  and  under 
the  name  of  GAS  by  VAN  HELMONT. 

THE  different  Authors,  previous  to  Para- 
celfus,  who  have  fpoken  of  the  elaftic 
matter  which  is  feparated  from  bodies  either  by 
means  of  Fire,  Fermentation  or  Effervefcence, 
do  not  feem  to  have  formed  very  clear  ideas,  of 
its  nature  and  properties.  They  have  given  it 
the  name  of  Spiritus  Silveftris. 

Paracelsus,  and  fome  Authors  cotemporary 
with  him,  imagined  this  matter  to  be  the  fame 
as  the  air  which  we  breathe  -,  but  it  does  not 
appear  that  this  opinion  was  fupported  among 
them  by  any  argument,  much  lefs  by  Experi- 
ments.  Van  Helmont  the  difciple  of  Paracelfus, 

and 
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and  frequently  differing  in  opinion  from  him, 
appears  to  be  the  firft  who  undertook  to  make 
the  following  inquiries  into  the  nature  of  this 
fubftance.  He  gave  it  the  name  of  Gas  *,  Gas 
Silveftref,  and  he  defined  it  a  fpirit,  an  inco- 
ercible  vapour,  which  could  neither  be  collected 
in  veffels  nor  be  reduced  under  a  vifible  form., 
He  obferves  that  fome  bodies  refolve  themfelves3 
almoft  entirely,  into  this  fubftance ;  "  Not,  adds 
he,  that  it  had  actually  been  contained  under  that 
form  in  the  bodies  from  which  it  was  feparated  % 
otherwife  nothing  could  have  retained  it,  and  all 
its  parts  would  have  been  diffipated.  But  it  was 
contained  under  a  concrete  form,  as  if  fixed  or 
coagulated  ".  This  fubftance,  according  to  Van 
Helmont's  experiments,  is  feparated  from  every 
fermenting    body*     from   wine,    from    meath, 

from 

*  Gas  is  derived  from  the  Dutch  word  Ghoaft,  which 
^gnifies  Spirit.  The  Englifh  exprefs  the  fame  idea  by  the 
word  Ghoft,  and  the  Germans  by  the  word  Geift,  which 
is  pronounced  Gaiftre.  Thefe  words  have  too  much  affinity 
with  that  of  Gas,  to  leave  any  doubt  of  their  derivation. 

f  Complexionum  atque  mixtionum  Elementaliura  Fig* 
rt  sAtu.m.   No.  13,  14,  &  feq. 
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from  verjuice  and  from  bread  :  it  may  be  dif- 
engaged  from  fal  ammoniac,  in  the  way  of  com- 
bination, and  from  vegetables,  by  the  a&ion  of 
fire*.  This  is  the  matter  which  efcapes  from 
gunpowder  when  inflamed ;  and  which  iflues 
forth  from  charcoal  when  burning.  The  Author, 
on  this  occafion,  afTerts  that  fixty  two  pounds  of 
charcoal,  contain  fixty  one  pounds  of  Gas,  and 
only  one  part  of  earth. 

It  is,  alfo,  to  the  effluvium  of  Gas,  that  Van 
Helmont  attributes  the  fatal  effects  of  the  Grotto 
delle  Cani  in  the  kingdom  of  Naples  -f ,  the  fuf- 
focation  of  the  workmen  in  the  mines,  the  acci- 
dents occafioned  by  the  vapour  of  charcoal,  and 
that  deliterious  atmofphere  which  is  breathed  in 
cellars  where  fpirituous  liquors  are  in  fermenta- 
tion. 

The  great  quantity  of  Gas   which   flies  off 
from  earths  or  from  metallic  fubftances  when  in 
effervefcence  with  acids,  did  not  efcape  the  no- 
tice 

*  Traftatus  de  Flatibus,  No.  6j. 

f  Complexionum  atque  Mixtionum  Elemen  tali  urn  Fig- 
snentum,   No.  43. 
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tice  of  Van  Helmont  *  ;  the  quantity  contained 
in  tartar  is  fo  great,  that  it  breaks  and  burfts 
into  (hi vers  the  vefTels  in  which  it  is  diftilled, 
if  a  free  egrefs  be  not  given  to  it. 

Van  Helmont  in  his  Treatife  de  Flatibus, 
applies  this  theory  to  the  explanation  of  fome 
phenomena  of  the  animal  ceconomy.  He  af- 
ferts,  No.  36,  that  it  is  to  the  corruption  of  the 
aliment,  and  to  the  Gas  difengaged  from  it,  that 
we  fhould  attribute  wind,  the  difcharges  of  it 
from  the  bowels,  &c.  and  he  has  given  us,  on 
that  occafion,  a  very  well  formed  theory  of  the 
phenomena  of  digeftion.  He  alfo  accounts,  from 
the  feparation  of  this  Gas,  for  the  fweliing  of 
dead  bodies  which  have  remained  fome  time  in 
the  water,  and  for  the  tumours  which  arife  on 
fome  parts  of  the  body  in  certain  difeafes.  We 
are  aftonifhed,  in  reading  this  Treatife,  to  find 
an  infinite  number  of  facts,  which  we  are  ac- 
cuftomed  to  confider  as  more  modern,  and  we 
cannot  forbear  to  acknowledge,  that  Van  Plel- 
mont  has  related,  at  that  period,  almoft  every 
thing,  which  we  are  now  better  acquainted  with, 
on  this  fubject. 

B4  It 

*  Traftatus  de  Flatibus,  No.  67  &  68. 
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It  is  in  the  fame  Treatife  *  that  Van  Helmont 
examines  whether  this  Gas  or  Spiritus  Sijveftris 
of  the  Ancients  be  not,  according  to  Paracelfus's 
opinion,  the  fame  air  which  we  breathe  reduced 
to  its  elementary  parts  and  combined  with  bo- 
dies. Although  the  arguments  and  experiments, 
by  which  he  fupports  his  opinion,  be  not  very 
decifive,  he  believes,  however,  that  it  may  be 
determined  f  that  the  Gas  is  different  from  the 
air  which  we  breathe ;  that  it  has  a  greater  affi- 
nity with  water ;  that  it  probably  might  confifl 
of  water  reduced  to  vapours.  Next  moment  ^ 
he  thinks  that  this  air  might  perhaps  refnlt  from 
a  combination  of  a  very  fubtle  acid  with  the  vo- 
latile alkali. 

The  pafiages  of  Van  Helmont's  works  which 
J  have  quoted,  are  not  the  only  ones  in  which 
Jig  fpeaks  of  the  Gas :  he  has  taken  notice  of 
ft  in  many  others,  and  particularly  in  his  Trea- 
tife de  Lithiafi)  Cap,  4.  No.  7.  and  in  his  Tu- 
mulus peftis.  He  alfo  afcribes  the  propagation  of 
epidemic  difeafes  to  the  vapours  with  which  Ga$ 

is  infected. 

C  JIAB- 

f  De  Flatit>us?  No,  10, 
f  Idem. 

I  !dem2  6j  &  6S» 
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CHAPTER     IL 

Of  Mr.  BOYLE's  ARTIFICIAL  AIR. 

WHAT  Van  Helmont  called  Gas,  Boyle 
denominated  artificial  Air.  Furnifhed 
with  the  new  inftruments  with  which  he  has  en- 
riched Natural  Philofophy,  he  repeated  all  Van 
Helmont's  experiments  in  Vacuo,  in  condenfed 
Air,  and  in  open  Air.  The  greater  part  of  his 
Experiments  may  be  found  in  a  work  entitled, 
Coniinuatio  novorum  Experiment  or  um  phyfico  me- 
chanicorum  de  gravitate  et  elaiere  aeris,  Some 
others  are  difperfed  in  many  parts  of  his  works. 

Boyle  was  fenfible,  as  well  as  Van  Helmonr? 
that  moft  vegetables,  when  diluted  with  a  cer- 
tain proportion  of  water,  and  placed  in  a  fitua- 
fcion  proper  for  fermentation,  difcharge  a  con- 
fiderable  quantity  of  Air ;  that  this  Air  dis- 
charges itfelf  with  more  facility  in  the  exhaufted 
receiver  of  an  Air  pump*  than  in  compreflec} 

Air  i 
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Air;  that  every  thing  which  impedes  the  pro- 
grefs  of  fermentation  fufpends  alfo  the  feparation 
of  the  air,  and  that  fpirit  of  wine  pofferles  this 
property  in  a  particular  and  eminent  degree.. 

These  experiments,  repeated  in  air  much 
more  condenfed  than  that  of  the  atmofphere, 
afforded  nearly  the  fame  refuits.  He  then  tried 
the, effect  of  placing  the  fermenting  matter  in  an 
atmofphere  of  artificial  air,  and  he  found  that  in 
fome  circumftances  it  accelerated,  and  in  others 
retarded  the  fermentation.  But  one  effential  dif- 
ference, between  this  air  and  that  of  the  at- 
mofphere, before  obferved  by  Van  Helmont  and 
recognifed  by  Boyle,  is  that  the  ktter  is  neceffary 
to  the  exiftence  of  many  animals,  whereas  the 
other,  when  breathed  by  them,  proves  inftantly 
deftruftive.  Mr.  Boyle's  experiments  on  this 
fubjecl  demonftrate  that  artificial  air  is.  not  al- 
ways the  fame,  from  whatever  vegetable  fub- 
ftance  it  may  befeparated;  and  that  the  air  which 
is  produced  by  the  explofion  of  gunpowder  pre- 
fents  phenomena  peculiar  to  itfelf. 

It  is  eafy  to  fee  that  almoft  all  the  difcoveries 

of 
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of  this  kind,  which  we  have  ufually  attributed 
to  Mr.  Boyle,  really  belong  to  Van  Helmont, 
and  that  the  latter  had  even  carried  his  theory 
much  farther.  But  one  obfervation  which  is  par- 
ticularly Boyle's,  does  not  feem.'to  have  been 
even  fufpedted  by  Van  Helmont,  viz.  That 
there  are  bodies,  fuch  as  fulphur,  amber,  cam- 
phor, &c.  which  diminifh  the  volume  of  air,  in 
which  they  burn. 


CHAPTER     III. 

Dr.    HALES's    EXPERIMENTS    on    the 

QUANTITY  OF  ELASTIC  FLUID  SEPARATED 
DURING  THE  COMBINATIONS  OR  DECOMPOSI- 
TIONS OF  BODIES. 

THE  united  experiments  of  Van  Helmont 
and  of  Boyle  had  made  it  evident  that  a 
great  quantity  of  elaftic  fluid  analogous  to  air 
was  feparated  from  bodies  in  many  operations; 
that  alfo  in  fome  other  operations  a  portion  of 
atmofpheric  air  was  abforbed,  or  at  leaft  deprived 

of 
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of  its  elafticky  %  but  nobody  had  conceived  any 
idea  of  the  quantities  either  produced  or  ab- 
forbed.  Dr.  Hales  was  the  firft  perfon  who  has 
feen  the  object  in  this  point  of  view;  he  invented 
various  methods,  equally  fimple  and  commodi- 
ous, to  meafure  with  exactnefs  the  bulk  of  air. 
I  fhall  not  at  prefent  attempt  to  defcribe  the  dif- 
ferent inftruraents  which  he  made  ufe  of.  Par- 
ticular attention  will  be  paid  to  this  object  in 
the  fequel ;  I  fhall  then  defcribe  the  alterations 
which  have  been  made  in  them  by  fome  Philo- 
jfophers,  and  thofe  which  I  think  they  are  capable 
©f  receiving. 

The  great  number  of  experiments  made  by 
Doctor  Hales,  which  may  be  found  in  Chap.  6\ 
of  his  Vegetable  Statics,  comprehends  almoft 
every  fubflance  in  nature.  He  has  examined 
into  the  effects  of  combuftion,  of  fermentation 
and  of  combinations,  &c.  As  thefe  experiments 
are,  even  at  this  time,  the  moft  complete  of 
their  kind,  it  may  be  proper  to  give,  in  this 
place,  an  abftract  of  them,  The  form  of  a 
Table  appeared  to  me  to  be  the  moft  clear,  the 
moft  convenient,  and  the  leaft  voluminous. 

EXPE- 
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EXPERIMENTS 

BY        DISTILLATION. 


The  Names  of  the  Materials  ufed 

The  number 
of  cubic  Inches 

in  the  Experiments. 

of  air  produced  . 
by  diftlllation. 

On  VEGETABLES. 

:  One  cubic  inch  or  270  grains  of  oak  timber, 

256 

''  One  cubic  inch  or  398  grains  of  peafe, 

39* 

142  grains  of  dry  tobacco,         —          — 

J53 

One  cubic  inch  of  oil  of  anifeeds,         — 

22 

One  cubic  inch  of  oil  of  olives,       —       — 

80 

One  cubic  inch  of  tartar,           —           — 

504 

One  cubic  inch  or  270  grains  of  amber, 

1 

270 

Of  ANIMAL  SUBSTANCES. 

1 

One  cubic  inch  of  hog's  blood  diftilled  to 

■ 

drynefs,          —          —          — 

35      1 

Rather  lefs  than  a  cubic  inch  of  tallow, 

.18 

One  cubic  inch  or  482  grains  of  hartlhorn, 

234 

One  cubic  inch  or  532  grains  of  oyfter  fhells, 

3H 

One  cubic  inch  of  honey,      ■ —      —      — 

144 

One  cubic  inch  or  253  grains  of  yellow  wax, 

54 

Three-quarters  of  a  cubic  inch  of  human 

calculus  weighing  230  grains,             — 

Si6 

9* 
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Names  of  Materials,  &c. 

Number  of  cu- 
bic inches  of 

Air,  &c. 

Of     MINERALS. 

. 

One  cubic  inch  or  316  grains  of  pit-coal, 

360* 

One  cubic  inch  of  frefh  untried  earth,     — 

43 

One  cubic  inch  of  antimony,        —       — 

28 

Half  an  inch  of  fea  fait  and  the  fame  quan- 

tity of  calcined  bones,           — •         -— 

64 

Haifa  cubic  inch  or  211  grains  of  nitre, 

with  the  calx  of  calcined  bones,         — 

90 

EXPERIMENTS 

ON     FERMENTATION. 


Forty-two  inches  of  fmall  beer  in  feven  days, 
Twenty-iix  inches  of  bruifed  apples  in  thir- 
teen days,         —        — -        — •- 


6S9 
968 


EXPE- 


*  About  102  grains  of  Air,  according  to  Dr.  Hales,  or  a  third  of 
%he  whole  weight, 
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EXPERIMENTS 

ON  DISSOLUTIONS  AND  COMBINATIONS. 


The  Names  of  the  Materials 
ufed  in  the  Experiments. 

Cubic  inches 
of  Air  pro- 
duced. 

Cubic  inches 
of  Air  ab- 
forbed. 

Half  a  cubic  inch  of  fal   ammo- 
niac with  one  cubic  inch  of  oil 
of  vitriol,  the  firft  day,         ■— 

The  next  day  it  had  abforbed  15. 

Six  cubic  inches  of  oyiter  mells 
and  as  much  vinegar  in  fome 
hours,         —          —          — 

In  nine  days  21  inches  were  de- 
ftroyed,    and   the   other   eight 
difappeared  on  pouring  warm 
water  into  the  vefTel  *. 

, 

5  to  6 
29 

Two 


*  "  The  ninth  day,  fays  Dr.  Hales,  I  poured  warm  water  into  the 
"  veffel,  and  the  following  day,  when  all  was  cool,  I  found  that  it  had 
"  reforbed  the  remaining  eight  cubic  inches.  Hence  we  fee  that  warmth 
"  will  fometimes  promote  a  reforbing  as  well  as  a  generating  ftate, 
"  viz.  by  raifing  the  reforbing  fumes  as  will  appear  hereafter." 

Dr.  Hales  here  afcribes  to  the  warmth  what  was  really  owing  to 
the  water  fimply  as  fuch,  which  from  its  affinity  with  fixed  air  im- 
bibed it  with  rapidity.  And  indeed'from  the  Doctor's  own  relation 
it  does  not  appear  that  the  reforption  took  place  while  the  mixture 
continued  warm,    T.  H, 
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Names  of  Materials,  &c. 

Inches  of  Air 
produced. 

Inches  of  Air 
abforbed. 

Two  cubic  inches  of  aqua  regia 

poured  on  a  gold  ring  flattened, 

4 

. 

Two  cubic  inches  of  aqua  regia 

• 

with  a  quarter  of  an  inch  of  anti- 

mony, in  three  or  four  hours, 

38 

After  fome  hours  14  inches  were 

reforbed. 

A  cubic  inch  of  aqua  icrtis  pour- 

ed on  a  quarter  of  an  inch  of  an- 

; 

timony,  at  different  intervals, 

130 

A  cubic  inch  of  aqua-fortis,  with 

■J-  of  an  inch  of  iron  filings, 

43 

Quarter  of  an  inch  of  iron  filings, 

and  one  cubic  inch  of  powdered 

fulphur,      —      —      — -      — 

—    . — 

19 

A  cubic  inch  of  aqua-fortis  on  an 

equal    quantity    of    powdered 

marcafite,    or  Walton  pyrites, 

_..    _ 

85 

A  cubic  inch  of  aqua-fortis,  with 

the  fame  quantity  of  pit-coal, 

abforbed  in  three  days  1 8  inches 

of  air  ;  and  in  three  days  more 

1 

remitted  and  generated  12  cubic 

inches,         — -         —         ~ 

18 

Two  cubic  inches  of  quick-lime, 

with  four  of  vinegar,     — -    — 

—    — 

22 

Twa 
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Names  of  Materials,  6tc. 

Inches  of  Air 
produced. 

Inches  of  Air 
abforbed. 

Two  cubic  inches  of  lime  and  as 

1 

much  fal  ammoniac,     —    — 

US 

By    the    burning   of  linen-rags, 

dipped  in  melted  brimftone,  in 

a  large  vefTel,      —      —      — 

198 

In  a  fmaller  veflel,     —    —    •— 

150 

Two  grains    of  KunkePs  phof- 

phorus,         —         —        — 

23 

After   inflammation    it  had  loft 

> 

only  half  a  grain ;  fome  time 

after  its  weight  was  augmented 

' 

one  grain. 

A  piece  of  brown  paper  foaked  in 

a  ftrong  folution  of  nitre,  and 

fet  on  fire  under  a  receiver,  by 
means  of  a  burning  lens,  pro- 
duced —         —  — 
In  a  few  hours  this  quantity  of  air 
was  diminilhed. 


80 


EXPE« 
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E  XPERIMENTS 

ON      BURNING     BODIES, 

AND     ON     THE 

RESPIRATION    OF    ANIMALS, 


The  Names  of  the  Materials 

Cubic  inches 

Cubic  inches 

ufed  in  the  Experiments. 

of  Air  pro- 
duced. 

of  Air  ab- 
sorbed. 

A   lighted  candle,    of  |-   of  an 

Engliih  inch  in  diameter, 

78 

A  rat  confined  in  a  receiver, 

78 

73  cubic  inches  of  air,  breathed 

by  a  man  till  he  was   nearly 

fufFocated,  was  reduced  to  20 

inches. 

These  are  not  the  only  experiments  contained 
in  the  fixth  chapter  of  Dr.  Hales's  Vegetable 
Statics ;  we  meet  with  feveral  others  which  are 
not  capable  of  being  reduced  to  the  form  of  a 
table.  The  Author  has  every  where  joined  to 
them  views  entirely  new  and  excellent  reflections. 
Too  much  cannot  be  faid  to  induce  the  reader  to 

perufe 
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perufe  that  Author's  own  work.  He  will  find  a 
mod  inexhauftible  fund  of  meditation.  I  lhall 
now  proceed  and  endeavour  to  give  an  abftract 
of  the  fixth  chapter  of  his  book,  though  it  be 
not  very  capable  of  abridgement. 

It  is  in  this  work,  that  we  perceive  the  firfl 
traces  of  the  exiftence  of  air  in  thofe  waters  which 
are,  even  now,  improperly  called  acidulous.  Dr. 
Hales  has  not  only  remarked  that  thefe  waters 
contained  double  the  quantity  of  air  to  common 
water,  but  he  alfo  fufpected  that  they  owed  their 
remarkable  fparkling  and  briiknefs  to  this  air. 

Though  Dr.  Hales  fufpected  that  the  acids  in 
general,  and  particularly  fpirit  of  nitre,  contain- 
ed air,  yet  the  diftillation  of  aqua  fortis  gave  a 
contrary  product  Inftead  of  the  augmentation 
which  he  expected,  he  obferved  a  remarkable  di- 
minution of  the  volume  of  air.  The  confequence 
which  he  drew,  from  this  obfervation,  was  that 
acid  vapours  abforb  air ;  and  from  hence  he 
concluded,  that  what  we  obtain  by  the  com- 
bination of  acids  with  alkaline  fubftances  qay 
not  wholly  appertain  to  the  latter,  but  that  the 
C  2  acid 
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acid  may  alfo  afford  a  part  of  it,  and  that  it  is 
very  probable  that  it  is  this  fubftance  which  pro- 
duces the  air  which  is  feparated  in  foliations  of 
metals  by  acids. 

It  is  to  the  great  quantity  of  air  which  is  let 
loofe  by  the  detonation  of  nitre,  that  Dr.  Hales 
attributes  the  effects  of  gunpowder;  to  which 
he,  notwithftanding,  thinks  mould  be  added  the 
expanfion  of  the  watery  particles  which  are  re- 
duced into  vapour.  N  If  tartar,  which,  as  well 
as  nitre,  contains  a  very  large  quantity  of  air, 
does  not  explode  in  the  fame  manner,  Dr.  Hales 
accounts  for  this  difference,  by  fuppofing  that 
the  air  is  more  intimately  united  to  it,  and  re- 
quires a  greater  degree  of  heat  to  detach  it ;  and 
it  is  from  this  great  quantity  of  air  and  its  clofe 
adherence  to  the  tartar  that  he  deduces  an  ex- 
planation of  the  effects  of  the  pulvis  fulminans.  . 

Dr.  Hales  has  attempted  to  determine  the 
fpecific  gravity  of  Air,  which  had  been  feparated 
from  tartar,  by  diftillation ;  but  he  did  not  find 
that  it  differed  at  all,  in  that  refpecl,  from  at- 
mpfpheric  air ;  the  event  was  the  fame,  whether^ 

he 
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he  employed  air  recently  extracted  from  tartar, 
or  air  which  had  been  feparated  more  than  ten 
days  before. 

It  did  not  efcape  the  knowledge  of  Dr.  Hales 
that  the  quantity  of  air  abforbed  either  by  the 
burning  of  fulphur  or  of  candles,  or  by  the  re- 
fpiration  of  animals,  prefented  different  appear- 
ances, accordingly  as  he  employed  receivers  of  a 
larger  or  fmaller  capacity.  He  obferved,  in  this 
refpecl:,  that  the  quantity  of  air  abforbed  is  gene- 
rally greater  in  large  than  in  fmall  veflels ;  that, 
however,  it  is  more  confiderable  in  fmall  than  in 
large  veflels,  in  proportion  to  their  different  ca- 
pacities. He  alfo  remarked  that  this  abforption 
of  air  is  limited ;  and  that  it  cannot  proceed  be- 
yond a  certain  point. 

Dr.  Hales,  in  the  courfe  of  his  experiments, 
has  obferved  the  lingular,  alternate  production 
and  abforption  of  air,  of  which  he  does  not  feem 
to  have  underftood  the  true  caufe  :  the  detona- 
tion of  nitre,  for  example,  furnifhed  him  with  a 
great  quantity  of  air;  but  that  air  diminifhed 
daily  in  its  elafticity  and  bulk  :  he  has  obferved 
C3  the 
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the  fame  thing  in  regard  to  a  great  number  of 
different  factitious  kinds  of  air.  This  pheno- 
menon depended  on  the  water  which  the  Doftor 
always  ufed  in  his  experiments :  it  will  be  fhewn 
hereafter,  that  mdft  of  thefe  vapours,  and  parti- 
cularly thofe  which  we  are  accuftomed  to  deno- 
minate Fixed  Air,  have  a  great  affinity  with 
water,  which  is  capable  of  abforbing  more  than 
its  own  bulk  of  this  air.  Hence  it  was,  that 
Dr. -Hales  did  not  always  draw  juft  conclufions 
from  his  experiments,  and  this  was  the  fource  of 
errors,  of  which  he  was  by  no  means  apprifed, 
and  which  will  make  it  necefTary  to  repeat  his 
trials,  fome  time,  with  particular  precautions. 

It  is  to  this  tendency  of  fixed  air,  to  unite  it- 
felf  wifli  water,  that  we  may  attribute  the  phe- 
nomenon, obferved  by  Dr.  Hales,  in  the  burn- 
ing of  candles.  He  remarked  that  the  abforpti- 
on  of  air  continued,  not  only  during  their  burn- 
ing, but  even  feveral  days  after.  It  will  be  feen, 
hereafter,  in  the  Chapter  which  treats  of  the 
Experiments  made  by  Dr.  Prieftley,  that  the  air 
in  which  candles  have  burned,  is,  in  a  great 
meafure,  in  the  date  of  fixed  air  $  that  it  is  con- 

fequently 
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fequently  fufceptible  of  combination  with  water  5 
and  that  it  is  in  proportion  to  this  combination 
that  the  volume  of  air  continues  to  diminifh* 
It  was,  alfo,  owing  to  this  caufe  that  the  different 
kinds  of  air,  which  he  obtained,  did  not  appear 
to  be  fufceptible  of  farther  redu&ion,  after  they 
had  paffed  through  water.  In  fad,  all  the  fix- 
able  part  had  combined  itfelf  with  the  water. 

The  air  in  which  fulphur  has  burned  is  inca- 
pable of  recovering  its  elafticity ;  it  remains  in 
the  fame  ftate,  however  long  a  time  it  may  be 
kept, 

Dr.  Hales,  perfuaded  that  the  air  feparated 
from  bodies,  as  well  as  that  which  had  been 
burned,  or  been  refpired  by  animals,  was  not 
different  from  that  of  the  atmofphere,  and  that 
it  produced  fuch  particular  effedts,  only  on  ac- 
count of  its  being  infefted  and  rendered  noxious 
by  vapours  which  were  foreign  to  its  nature,  at- 
tempted to  filter  it  through  flannel  which  had 
been  fteeped  in  a  folution  of  fait  of  tartar  •,  and, 
by  this  means,  he  perfe&ly  reftored  it.  The 
air,  when  paffed  through  the  filter,  was  found 

C-4  fit 
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fit  for  refpiration.  A  candle,  likewife,  placed 
under  a  receiver  lined  with  a  flannel  which  had 
been  dipped  in  a  folution  of  fait  of  tartar,  burn- 
ed a  longer  time  than  it  could  have  done  under 
a  receiver  which  was  not  lined,  although  the 
flannel  confiderably  diminifhed  its  capacity.  We 
fhall,  in  future,  fee  what  was  the  effect  of  the 
fait  of  tartar  in  this  experiment,  and  in  what 
manner  it  rendered  the  air  falubrious ;  but  one 
interefting  fact  fliould  be,  here,  remarked,  viz. 
that  the  flannel  diaphragms,  through  which  the 
air  had  been  filtered,  were  fenfibly  increafed  in 
their  weight. 

It  is  to  Dr.  Hales  alfo  that  we  are  obliged 
for  the  information,  that  a  great  number  of  fub- 
ftances,  fuch  as  peafe,  wax,  oyfter  fhells,  am- 
ber, &c.  furnifh,  by  diftillation,  air  fufceptible 
of  inflammation,  and  which  even  retains  that 
quality,  after  it  has  been  warned  in  water. 

All  the  Philofophers  of  his  time  believed, 
that  fire  became  fixed,  and  combined  itfelf  with 
metals,  and  that  to  this  addition  they  owed  their 
reduction  to  the  ftate  of  a  calx.    Dr.  Hales  has 

not 
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not  difcarded  this  opinion  ;  but  he  has  moreover 
advanced  that  the  air  contributed  to  produce  that 
effect,  and  that  to  it,  in  fome  degree,  muft  be 
attributed  the  augmentation  in  the  weight  of 
metallic  calxes.  He  founded  this  opinion,  on 
his  having  obtained  from  1922  grains  of  lead, 
only  {even  inches  of  air,  by  diftillation,  whereas 
an  equal  quantity  of  .minium  afforded  him  34 
inches. 

The  Doctor  has  alfo  remarked  that  the  phof- 
phorus,  or  rather  the  pirophorus  of  M.  Hom- 
berg,  diminifhed  the  bulk  of  air  in  which  it 
burned  \  that  nitre  could  not  explode  in  vacuo  ; 
that  air  was  neceffary  for  the  cryftallization  of 
moil  falts ;  that  vegetables  in  fermentation, 
yielded,  at  firft,  a  great  quantity  of  air  which 
they  afterwards  reforbed,  &c.  &c.  As  to  the 
diminution  in  the  bulk  of  air  which  takes  place 
during  the  burning  of  fome  bodies,  he  fome- 
times  afcribes  it  to  the  lofs  of  its  elafticity; 
fometimes  he  feems  to  think  that  the  air  is  really 
fixed  and  abforbed  during  the  combuftion,  and 
his  work  feems  to  leave  this  matter  in  fome  de- 
gree of  uncertainty. 

However. 
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However  this  may  be,  Dr.  Hales  finifhes 
his  fixth  Chapter  of  Vegetable  Statics,  with 
concluding,  that  the  air  of  the  atmofphere  which 
is  the  fame  which  ferves  us  for  refpiration,  en- 
ters into  the  compofition  of  the  greater  part  of 
bodies,  where  it  exifts  under  a  folid  form,  de- 
prived of  its  elafticity  and  of  moft  of  thofe  pro- 
perties by  which  it  is  diftinguifhed ;  that  this  air 
is,  in  fome  manner,  the  univerfal  bond  of  na- 
ture, that  it  is  the  cement  of  bodies;  that  to 
this  is  owing  the  great  hardnefs  of  fome  bodies, 
as  alfo  a  great  part  of  the  gravity  of  others  9  that 
it  is  compofed  of  parts  fo  durable,  that  the  ac- 
tion of  fire,  however  violent,  is  not  capable  of 
changing  them,  and,  likewife,  that  having  ex- 
ifted  for  ages  in  a  folid  and  concrete  form,  and 
having  patted  through  trials  of  every  kind,  it  is 
capable,  under  fome  circumftances,  of  recover- 
ing all  its  elafticity,  and  becoming  again  an 
elaftic,  thin  fluid,  wholly  refembling  that  of  our 
atmofphere*.  And  he  compares  air  to  a  true 
Proteus,  now  fixed,  now  volatile,  which  mould 

be 

*  Dr.  Hales  excepts  the  cafe  of  vitrification,  -"  when 
with  the  vegetable  fait  and  nitre  in  which  the  air  is  incor- 
porated, 
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be  adopted  among  the  chemical  principles,  and 
pofTefs  a  rank  which  has,  hitherto,  been  denied 
to  it. 


CHAPTER     IV. 

The  opinion  of  BOERHAAVE  on  the 
FIXATION  of  AIR  in  bodies,  and  on 
ELASTIC  VAPOURS. 

THE  celebrated  Boerhaave,  to  whom  we 
are  indebted  for  an  excellent  Treatife  on 
the  Elements,  does  not  feem  to  have  been  al- 
ways of  one  uniform  opinion,  as  to  the  combi- 
nation and  fixation  of  air.  Sometimes  he  appears 
to  deny  that  air  can  be  combined  with  bodies  fo 
as  to  contribute  to  the  formation  of  their  folid 
parts ;  fometimes  he  feems  to  adopt  the  contra- 
ry opinion,  and  to  inlift  under  the  banner  of  Dr. 
Hales.     In  fhort,  on  reviewing  what  this  author 

has 

porated,  he  fuppofes,  it  may  perhaps  fome  of  it,  with 
other  chymical  principles,  be  immutably  fixt."  Hales '« 
Vegetable  Statics,  p.  316. 
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has  faid  in  different  paffages  of  his  works,  one 
may  plainly  difcern,  that  the  publication  of  Dr. 
Hales's  experiments  had  induced  him  to  change 
his  opinion,  and  that  he  adopted,  to  a  certain 
degree,  the  fyftem  of  the  fixation  of  air  in  bo- 
dies; but  it  is  alfo  evident,  that  this  theory  did 
not  appear  to  him  fufficiently  proved  to  oblige 
him  to  retract,  from  his  works,  what  he  had  faid 
on  the  contrary  fide  of  the  cjueftion. 

However  this  be,  it  is  at  the  end  of  his  trea- 
tife  on  air,  that  he  explains  himfelf  in  the  mod 
particular  manner,  on  the  opinion  of  Dr.  Hales  5 
we  find  there  a  train  of  experiments,  made  with 
that  accuracy  which  chara&erifes  the  works  of 
Boerhaave,  on  the  air  difengaged  from  bodies  by 
combination,  and  wj£~cahnot  but  agree  alfo,  that 
the  apparatus  he  made  ufe  of  had  fome  advan- 
tage Over  that  of  Dr.  Hales.  This  advantage 
GBnfifted  in  his  not  permitting  the  factitious  air 
to  have  any  immediate  communication  with  the 
furface  of  the  water.  We  have  already  obferv- 
ed,  that  for  want  of  fuch  precaution,  it  is  poffi- 
ble  to  fall  into  confiderable  errors,  as  to  the 
quantity  of  air  produced  or  abforbed. 

It 
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It  was  in  the  vacuum  of  an  air  pump,  and 
under  a  receiver  of  known  dimenfions  that  Bo- 
erhaave  always  operated  ;  he  took  care  exa&ly  to 
pump  out  all  the  air,  before  he  made  the  mix- 
ture ;  and  he  afterwards  judged  of  the  quantity 
of  air  produced,  by  a  good  barometer.     By  the 
aid  of  this   apparatus  he  difcovered  that  one 
drachm  and  half  of  crab's  eyes,  diffolved  in  one 
ounce  and  a  half  of  diftilled  vinegar,  yielded 
eighty  one  inches  of  air :    that  one  drachm  of 
chalk  yielded,  with  two  ounces  of  the  fame  acid, 
one  hundred  and  fifty  one  inches.   That  the  com- 
bination of  the  ley  of  tartar,  whether  with  vine- 
gar, or  vitriolic  acid,    alfo  furniflied  him  with 
a  very  confiderable  quantity  ;  that  there  were  o- 
ther  combinations,  fuch  as  the  folution  of  iron  by 
the  nitrous  acid,    which  though  attended  with 
confiderable-effervefcence,  did  not  produce  any 
feparation  of  elaftic  fluid  in  vacuo;    and  laftly, 
that  the  fmoaking  fpirit  of  nitre  and  oil  of  cara- 
way yielded  a  feparatiorj  of  air  fo  very  confidera- 
ble, that  the  experiment  was  dangerous,  unlefs 
the  operator  had  the  precaution  to  employ  ex- 
ceedingly large  veffels,  and  to  make  his  trials 
with  only  very  fmall  quantities. 

These 
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These  experiments  are  followed  by  fome  ac- 
counts of  the  feparation  of  air  which  takes  place 
in  combuftion,  in  fermentation,  in  putrefadtion, 
and  in  fome  diftillations ;  and  the  author  has  fi- 
niftied  his  Treatife  with  the  following  reflexions, 
which,  I  think,  ought  to  be  tranfcribed  at  large. 

"  All  thefe  different  methods,  which  refem- 
*f  ble  one  another  in  their  a&ing  by  means  of 
<c  fire,  prove  that  elaftic  air  enters  into  the  conv 
*6  pofition  of  bodies,  as  a  conftituent,  and,  even, 
"  very  confiderable  part.  If  any  one  ftill  doubt, 
"  he  muft  at  lead  acknowledge,  that  by  means 
"  of  fire,  a  matter  may  be  extracted  from  every 
"  known  body,  which,  when  once  feparated,  is 
*c  fluid  and  elaftic  ;  which  is  compreflible  by 
*c  weights ;  which  contracts  in  the  cold,  and  di- 
*c  lates  either  by  heat,  or  by  the  diminution  of 
"  the  weight  with  which  it  is  prefled  :  but  when 
sc  what  we  call  elaftic  air  is  feparated  from  bo- 
w  dies  with  which  it  has  been  mixed,  we  are  un- 
*c  acquainted  with  any  other  properties  of  it  than 
*c  the  above.  It  muft  then  be  acknowledged 
"  that  fire  feparates,  from  all  bodies,  an  elaftic 
*c  vapour,   and,    confequently,   that  this  aerial 

**  matter 
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<c  matter  refides  in  bodies,  but  in  fuch  a  manner 
not  to  produce  the  effects  of  air,  as  long  as 
I 'ii  is  combined  and  united  with4  them ;  but 
;J{"  that  whenever  it  is  detached,  and  joins  itfelf 
"  with  other  parts  fimilar  to  itfelf,  it  then  re- 
"  fumes  its  former  nature,  and  continues  to  be 
"  air,  till,  divided  again  into  its  elements,  it  re- 
"  unites  with  other  parts  of  a  different  kind, 
"  where  it  may  remain  quiet  for  fome  time,  and 
"  form  one  and  the  fame  mafs  without,  however, 
"  lofing  any  of  its  former  nature ;  for  it  fliews  it- 
<c  felf  always  the  fame,  whenever  it  is  freed  from 
""  the  bonds  which  retain  it,  and  is  joined  with 
"  other  aerial  particles  of  the  fame  nature.  It  is, 
iC  then,  unchangeable  in  all  thefe  different  circum- 
"  fiances ;  difengaged  from  a  body,  it  becomes 
"  true  air,  as  before  its  union,  and  difpofed  to 
"  join  with  other  matter,  fo  as  to  form  a  new  body, 
"  fuch  as  it  had  juft  quitted.  No  art  demon- 
"  Urates  this  refolution  and  compofition  more 
"  clearly  than  chemiftry  ;  and  I  mould  have 
"  given  feveral  examples  of  it,  had  I  not  lately 
"  read  the  celebrated  Dr.  Hales's  excellent  trea- 
"  tife  on  vegetable  ftaticks ;  in  the  fixth  chapter 
*6  of  that  book,  the  author  has  collected  with 

"  much 
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cc  much  labour  and  juftnefs,  and  has  related  in 
"  the  beft  pofllble  order,  the  experiments  which 
"  have  been  made  on  this  fubjedt,  and  he  has 
"  exhaufted  the  matter.  To  thefe  I  refer  my 
"  readers,  they  will  there  fee  how  art  has  arrived 
"  at  the  power  of  unveiling  naturef" 


CHAPTER    V. 


The    opinion    of    M.    STALH,    on    the 
FIXATION  of  AIR  in  bodies. 

ALTHOUGH  forne  of  M.  Stalh's  wri- 
tings are  pofterior  to  the  publication  of 
Dr.  Hales's  experiments,  he  does  npt  appear  to 
have  adopted  any  part  of  his  fyftem  of  the  fix- 
ation of  air  in  bodies.  There  is  not  even  any 
appearance,  of  his  having  been  acquainted  with 
the  Doctor's  experiments.  At  leaft  we  find  the 
following  paflage,  written  in  the  year  1731,  in 
his  work  entitled,  Experiment^  obfervationes  et 
antmaiverfionesi   §«  47,   "  Elajtica  ilk  expanfio 


'i     ELASTIC  VAPOURS.  33 

u  am\  ita  per  ejfentiam  propria  eft,  ut  nunqaam 
"  ad  vere  denfam  aggregationem  nee  ipfe  in  fe,  nee 
"  in  ullis  mixtionibus  coiviffe  fentiri  pojfit" 


CHAPTER     VI. 

M.   VENEL's    EXPERIMENTS    on     the 

WATERS  IMPROPERLY  CALLED  ACIDU- 
LOUS, AND  ON  THE  ELASTIC  FLUID 
CONTAINED   IN   THEM. 

THUS  the  imprefiion  which  Dr.  Hales's 
Treatife  had  made  upon  the  learned  at 
the  time  of  its  publication,  did  not  produce  in 
the  theory  of  Phyfics  and  Chemiftry,  the  imme- 
diate reformation  which  it  was  reafonable  to  ex- 
pect. His  experiments  formed,  as  it  were,  only 
the  connecting  flones,  which  it  was  necelfary  to 
join  to  the  edifice  of  phyfical  knowledge. 

M.  Venel,  the  prefent  Profeflbr  of  Chemiftry 
in  the  Univerfity  of  Montpellier,  laid  the  firft 
foundation  of  this  enterprife   in   two  Memoirs 

D  read 
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read  in  1750,  before  the  Royal  Academy  of 
Sciences ;  they  may  be  found  in  the  fecond  vo- 
lume of  Memoir es  prefentes  par  les  Sgavans  Gran- 
gers. The  intention  of  thefe  Memoirs  is  to 
prove,  contrary  to  the  opinions  of  the  ancients, 
and. to  thofe  of  Hoffman  and  Slarre,  that  the 
Seltzer  waters,  and  mod  of  thofe  which  we  have 
been  accuftomed  to  denominate  acidulous,  are 
neither  acid  nor  ajk aline ;  that  they  owe  theis? 
fharp,  brifk  and  penetrating  tafte,  and  the  bub- 
bles which  mount  to  their  furface,  and  which 
imitate  the  appearance  of  champagne,,  of  beer 
or  of  cyder,  to  a  confiderable  quantity  of  elaflic 
fluid  or  air  combined  with  thefe  waters  in  a  (late 
of  dififolution  •,  M.  Venel  proceeded  fo  far  as  to 
be  able  to  feparate  this  air  by  fimple  agitation, 
to  receive  it  in  a  moiftened  bladder,  and  to  mea- 
fure  the  quantity.  Whatever  means  he  made 
ufe  of  to  obtain  the  fame  end  —  whether  he  em- 
ployed the  air-pump,  heat,  or  Dr.  Hales's  ap- 
paratus, the  refult  was  conftantly  the  fame,  and 
he  uniformly  obferved  that  Seltzer  water  con- 
tained about  a  fifth  of  its  bulk  of  fixed  air. 

When  the  Seltzer  water  has  been  deprived  of 

the 


ELASTIC  VAPOURS.  3j 

the  air  which  it  contained  in  a  (late  ofdi(Tolution? 
whether  by  agitation,  heat,  or  any  other  means, 
it  no  longer  pofTeffes  the  properties  which  confti- 
tuted  it  acidulous  3  inftead  of  the  pungent  tarte 
which  it  before  imprefTed,  it  becomes  flat,  and 
ceafes  to  fparkle ;  in  fhort,  it  returns  to  the  ftate 
of  common  water,  only,  as  M.  Venel  obfervesy 
it  contains  a  fmall  quantity  of  fea-falt. 

M.  Venel  thought  proper  to  purfue  his  re- 
fearches  ftill  further,  and  having  proved  that 
the  Seltzer  water  owed  its  properties  to  the  air 
which  it  contained,  he  endeavoured  to  combine 
air  with  water,  and  to  form  anew  an  aerial  water 
fimilar  to  that  of  Seltzer.  The  following  are 
nearly  the  reflexions  by  which  he  was  guided  in 
his  experiments. 

Air,  fays  he,  is  foluble  in  water  * ;  this  is 
demonftrated  by  the  example  of  brifk  wines  and. 
Seltzer  water ;  but  the  particles  of  this  air  are 

D  2  to 

*  M.  Venel  has  always  fuppofed  the  elaflic  fluid  con- 
tained in  mineral  waters  to  be  common  atmofpheric  air ; 
it  will  appear  in  the  fequel  how  far  this  opinion  is  to  be 
embraced. 
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to  be  confidered  as  having  a  ftronger  affinity 
with  each  other,  than  with  the  fluid  employed 
to  diflblve  them  •,  from  whence  it  follows  that 
the  folvent  cannot,  of  itfelf,  have  fufficient  force 
to  deftroy  the  aggregation  of  the  air ;  and  that 
a  previous  condition  to  its  diffolution  is  the 
breaking  of  this  aggregation. 

No  method  appeared  to  M.  Venel  more  likely 
to  produce  this  effecl;,  than  to  decompofe  falts 
In  the  water  intended  to  diflblve  them.  Thus 
he  might  excite  an  effervefcence,  and  confe- 
quently  let  loofe  a  large  quantity  of  air;  and  this 
air  being  in  a  ftate  of  abfolute  divifion,  it  would 
therefore  be  under  circumftances  the  moft  fa- 
vourable to  its  diffolution. 

M.  Venel  was  ftill  further  confirmed  in  this 
opinion,  by  the  following  mode  of  reafoning. 
ErTervefcence  is,  according  to  him,  nothing  elfe 
than  a  true  precipitation  of  air:  Two  bodies, 
when  uniting,  produce  an  effervefcence  from  this 
caufe  only,  that  they  have  a  greater  affinity  with 
each  other,  than  the  one  or  both  of  them  have 
with  the  air  to  which  they  were*  united  -9  but  it 

•     *  is 
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is  well  known  that  in  many  chemical  precipita- 
tions, if  the  operation  be  made  in  much  water 
and  the  precipitate  be  foluble  in  that  fluid,  it 
will  be  rediflblved  as  faft  as  it  is  precipitated : 
The  fame  thing  mould  happen  to  air  under  fi- 
milar  circumftances. 

After  all  thefe  reflexions  M.  Venel  difiblved 
in  a  pint  of  water  two  drachms  of  foffile  alkali^ 
to  which  he  added  an  equal  quantity  of  marine 
acid ;  being  previoufly  allured  of  the  following 
facts  :   1  ft.  that  this  was  precifely  the  proportion 
neceiTary  to  a  perfect  faturation  :   2dly,  that  it 
was  alfo  the  fame  which  he  had  obferved  in  the 
Seltzer  water.     He  had  the  precaution  to  make 
ufe  of  a  vefTel  with  a  narrow  neck,  and  to  pre- 
vent the  efcape  of  the  air,  by  difpofing  the  in- 
gredients in  fuch  a  manner,  that  they  could  not 
communicate  with  each  other  till  after  the  bot- 
tle was  corked.     By  this  method  he  was  able  to 
compofe  a  water,  not  only  analogous  to  that  of 
Seltzer,  but  much  more  ftrongly  impregnated 
with  air.     We  have  already  feen  that,  the  Seltzer 
water  does  not  contain  more  than  a  fourth  or  fifths 
whereas  M.  Venel  could  introduce  into  his  facti- 
tious water  nearly  half  its  bulk  of  air. 

D  3  These 
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These  experiments  of  M.  Venel,  however, 
were  infufficient  to  explain  a  lingular  phenome- 
non which  feemed  contradictory  to  his  opinion  : 
M.  Hoffman  had  obferved  that  the  waters  of 
Troplitz  and  Piperine  in  Germany,  as  well  as 
many  others  which  are  fpirituous  or  acidulous, 
do  not  contain  any  portion  of  faline  matter :  it 
was  therefore  evident  that  thefe  waters  do  not 
acquire  their  air  by  the  method  employed  by 
M.  Venel ;  and  it  plainly  follows  that  in  fuch 
cafe,  his  procefs  is  not  that  of  nature. 

The  explanation  of  this  phenomenon  was  re- 
ferved  for  Meffrs.  Cavendifh  and  Prieftley ;  but 
previous  to  my  recital  of  their  experiments, 
which  are  much  more  modern,  the  order  of  facts 
obliges  me  to  give  an  account  of  thofe  made  by 
Dr.  Black,  Profefibr  in  the  Univerfity  of  Glaf- 
gow.  This  author  may  be  truly  regarded  as  the 
perfon  who  firft  introduced  Fixed  Air  into  Che- 
miftry. 


C  HA  P- 
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CHAPTER     VII. 

Dr.  BLACK5s  THEORY  concerning  the 
FIXED  or  FIXABLE  AIR  contained  in 
CALCAREOUS  EARTHS,  and  the 
PHENOMENA  produced  in  them  by 
depriving  them  of  this  AIR. 

MAGNESIA,  calcareous  earth,  and  all  the 
earths  in  general  which  are  reduced  to 
quick-lime  by  calcination,  confifl  only,  according 
to  Dr.  Black,  of  a  combination  of  a  large  quan- 
tity of  fixed  air  with  an  alkaline  earth,  naturally 
foluble  in  water.  By  the  term  fixed  air  Dr.  Black 
means  a  fpecies  of  air  different  from  common 
elaftic  air,  difperfed  neverthelefs  in  the  atmo- 
fphere.  He  informs  the  reader,  that  it  may  ap- 
pear wrong  to  make  ufe  of  that  name,  but  he 
father  chofe  to  retain  a  word  already  known  in 
natural  philofophy,  than  to  invent  a  new  one, 
while  we  were  imperfectly  acquainted  with  the 
D  4  nature 
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nature  and  properties  of  the  fubftance  fo  deno- 
minated. 


Fixed  air,  according  to  Dr.  Black's  experi- 
ments, may  be  feparated,  in  two  different  ways, 
from  calcareous  earth  -,  either  by  fire,  or  by  dif- 
folution  in  acids.  The  calcareous  earth,  in  the 
flrft  cafe,  viz.  by  calcination,  lofes  more  than 
half  its  weight —-The  remainder  is  an  earth,  ab- 
folutely  deprived  of  air,  and  which,  confequently, 
no  longer  effervefces  with  acids.  Lime  (which 
is  the  name  we  ufually  give  to  calcareous  earth 
in  this  ftate)  owes  its  caufticity,  according  to 
Dr.  Black,  to  the  great  affinity  which  it  has 
with  the  air  of  which  it  has  been  deprived  by 
calcination  ;  thus,  as  foon  as  it  is  applied  to  any 
animal  or  vegetable  fubftance,  it  attracts  eagerly 
the  air  contained  in  it,  effects  a  decompofition  ; 
and  it  is  this  decompofition  or  kind  of  deft  ruction 
which  is  improperly  denominated  burning  or 
cauterifing. 

This  property,  which  is  poffeffed  by  lime,  of 
attracting  the  air  from  other  bodies,  furnifhes  us 
with  the  means  of  communicating  caufticity  to 

fixed 
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fixed  and  volatile  alkaline  falts.  If  to  a  folution 
of  fixed  alkali,  be  added  a  certain  quantity  of 
lime,  it  attracts  to  itfelf  the  whole  of  the  air 
contained  in  the  alkali ;  at  the  fame  time  it  lofes 
all  the  conftituent  properties  of  lime  ;  it  becomes 
capable  of  effervefcing  with  acids,  and  infoluble 
in  water ;  in  fhort,  it  returns  to  the  ftate  of 
common  calcareous  earth:  on  the  other  hand, 
the  fixed  alkali  which  has  been  deprived  of  its 
air,  no  longer  ferments  with  acids,  is  incapable 
of  being  cryftallized,  becomes  cauftic,  and  when 
dried  by  fire,  and  reduced  to  a  concrete  form, 
it  is  called  the  ftronger  common  cauftic. 

The  fame  thing  happens  to  the  volatile  alkali. 
If  we  diftill  fal  ammoniac  with  chalk,  we  obtain 
a  volatile  alkali  in  a  folid  form,  which  effervefces 
with  acids  •,  but  if  inftead  of  chalk,  we  employ 
a  calcareous  earth  deprived  of  its  air,  otherwife 
called  lime,  the  volatile  alkali,  as  faft  as  it  is 
feparated,  is  robbed  of  its  air  by  the  lime,  and 
pafling  into  the  receiver  in  a  fluid  form,  is  a 
cauftic  volatile  alkali  which  neither  effervefces 
with  acids,  nor  can  be  formed  into  cryftals.  It 
appears  from  Dr.  Black's  experiments,  that  the 

attach- 
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attachment  of  fixed  air  is  not  equal  to  all  bodies; 
but  that  it  has  a  greater  affinity  with  calcareous 
earth  than  with  fixed  alkali,  with  fixed  than 
with  volatile  alkali,  &c. 

Another  method  of  detaching,  from  calca- 
reous earth,  the  air  with  which  it  is  combined, 
is  by  the  addition  of  acids.  If  we  diflblve  lime- 
Hone  or  chalk  in  any  acid,  a  brifk  effervefcence, 
or  which  is  the  fame  thing,  a  confiderable  fepa- 
ration  of  fixed  air,  enfues ;  the  earth,  which  has 
a  greater  affinity  with  the  acid  than  with  the  air, 
abandons  the  latter,  which,  recovering  its  elafti- 
city,  immediately  efcapes,  and  is  difiipated  and 
mixed  with  the  common  air  of  the  atmofphere. 
If,  afterwards,  we  precipitate  the  earth  from 
this  folution,  we  may  obtain  it,  as  we  pleafe, 
either  in  the  form  of  chalk  or  of  lime  -,  of  chalk 
if  we  employ  a  -common  alkali  for  the  precipita- 
tion, but  of  lime  if  it  be  effected  by  means  of  a 
tauftic  alkali,  or  alkali  deprived  of  its  air. 
What  is  here  particularly  to  be  remarked  is, 
that,  as  Dr.  Black  informs  ,11s,  the  lime-ftone 
lofes  nearly  the  fame  weight  in  this  procefs  as  by 
calcination  $    and   fhat  it  recovers  its    former 

weight 
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weight  when  it  has  been  precipitated  in  the  form 
of  a  calcareous  earth,  that  is  to  fay,  with  all  its 
air. 

Dr.  Black  explains  on  the  fame  principle, 
why  lime  is  not  totally  foluble  in  water;  why 
the  part  which  is  diffblved  is  fo  eafily  converted 
into  a  pellicle,  infoluble  in  water,  and  known  by 
the  name  of  Cream  of  Lime.  Calcareous  earths, 
according  to  his  opinion,  have  a  ftronger  affinity 
with  air,  than  they  have  with  water  \  confequent- 
ly,  on  adding  lime  to  water,  one  part  of  the 
lime  will  attract  from  the  water  the  fixed  air  con- 
tained by  the  latter,  and  be  precipitated  as  a 
calcareous  earth  ;  but,  at  the  fame  time,  ano- 
ther portion  of  the  lime,  not  finding  a  fufficient 
quantity  of  fixed  air  to  faturate  it,  will  be  dif- 
folved  in  the  water,  and  form  lime-water ;  if 
we  then  expofe  this  water  to  the  air,  prefently 
the  particles  of  lime  neareft  to  the  furface  attract 
the  fixed  air  floating  in  the  atmofphere;  they 
again  become  infoluble,  and  collecting  together 
on  the  furface,  form  an  infoluble  pellicle,  which 
no  longer  retains  the  properties  of  lime,  nor  dif- 
fers from  calcareous  earth.     A  proof  of  the  truth 

of 
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of  this  theory  is,  that  the  reduction  of  the  lime 
into  a  calcareous  earth  may  be  prevented,  by 
keeping  the  lime-water  in  bottles  well  flopped, 
fo  as  to  prevent  any  contact  with  the  circumam- 
bient air. 

7 

Dr.  Black  has  alfo  obferved,  that  Magnefia, 
the  bafis  of  Epfom  fait,  has  the  property  of 
fweetening  lime-water ;  and,  therefore,  that  fix- 
ed air  has  a  ftronger  affinity  with  calcareous  earth 
that  with  the  bafis  of  Epfom  fait.  Laftly,  from 
all  thefe  experiments,  Dr.  Black  concludes,  that 
we  may  make  the  following  alterations  in  the 
column  of  acids,  in  Mr.  Geoffroy's  Table  of 
Affinities ;  and  that  we  may  alfo  add  a  new 
column,  confidering  alkaline  fubftances  in  their 
natural  ftate,  and  deprived  of  their  fixed  air,  as 
follows : 


ACIDS. 

Fixed  Alkali. 
Calcareous  Earth. 
Volatile  Alkali. 
Magnefia. 


FIXED  AIR. 

Calcareous  Earth. 
Fixed  Alkali. 
Magnefia. 
Volatile  Alkali. 
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The  limits  of  an  abftrad  do  not  permit  me 
to  enter  here  into  a  detail  of  the  great  number 
of  interefting  experiments  relative  to  the  diminu- 
tion of  weight,  which  alkalis  fufFer  after  they 
have  been  duTolved  in  acids ;  to  the  manner  of 
rendering  alkalis  cauftic  by  fire,  &c. 

I  must  not  however  omit  to  add,  before  this 
article  be  concluded,  that  Dr.  Black  fufpected, 
that  the  fixed  air  of  alkaline  falts  unites  itfelf  to 
metals,  during  their  precipitation  from  acids  5 
and  that  to  this  caufe,  the  augmentation  of 
weight,  obfervable  in  thefe  precipitates,  and  per- 
haps the  furprifing  effe&s  of  the  pulvis  fulmi- 
nans,  may  be  attributed*, 

CHAP- 

*  It  is  thought  neceflary  to  acquaint  the  reader,  that  the 
theory  of  fixed  air,  had  not  acquired  the  perfection  and 
confidence  which  is  given  to  it  in  this  article,  when  it 
came  from  the  hands  of  Dr.  Black.  It  did  not  arrive  to 
this  point  till  after  the  publication  of  M.  Jacquin's  work, 
of  which  we  fhall  fhortly  give  an  account.  I  judged  it 
proper  to  make  this  remark  here,  not  with  a  view  to  take 
in  the  leaft  from  the  fentiments  of  refpeft  and  admiration 

which 


46    HISTORICAL  ACCOUNT  OF 


CHAPTER     VIII. 

On  the  ELASTIC  FLUID  separated  from 
GUN-POWDER ;  by  the  COUNT  DE 
SALUCES. 

WHILE  Dr.  Black  was  publifhing  in 
England,  the  theory  of  which  we  have 
juft  now  given  an  account,  the  Count  de  Saluces 
employed  himfelf  at  Turin,  in  fome  very  inte- 
refting  inquiries  into  the  nature  of  the  elaftic 
fluid  which  is  detached  from  gun-powder,  dur- 
ing its  detonation.     He  has  difcovered,  that  this 

fluid, 

which  are  due  to  the  defert  and  genius  of  Dr.  Black,  to 
whom,  without  equivocation  or  divifion,  the  merit  of  the 
invention  belongs,  but  to  render  to  M.  Jaquin  the  juftice 
that  is  due  to  him,  and  to  avoid  a  remonllrance  on  his 
part,  which  would  have  been  well  founded.  Further,  we 
ihall  fee  prefently,  that  M.  Jaquin  has  departed  from  the 
opinion  of  Dr.  Black,  fo  far  as  to  fuppofe  the  fixed  ak  to 
be  the  fame  with  that  which  compofes  our  atmofphere* 
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fluid,  when  at  liberty,  occupies  a  fpace  two  hun- 
dred times  greater  than  that  of  the  powder  from, 
which  it  has  been  difengaged.  A  number  of  ex- 
periments convinced  him,  that  this  fluid  was, 
like  the  air  of  the  atmofphere,  elaftic  ;  that,  like 
the  latter,  it  was  compreflible  in  proportion  to 
the  weight  with  which  it  was  loaded ;  but  that  ie 
differed,  notwithftanding,  in  thefe  particulars, 
that  it  extinguifhed  the  flame  of  a  candle,  and 
alfo  was  mortal  to  thofe  animals  who  breathed 
it.  He  attempted  to  filter  this  air,  through  linen 
or  through  gaufe,  well  impregnated  with  a  folu- 
tion  of  fixed  alkali;  there  remained  in  the  filtre, 
a  fmall  quantity  of  coaly  matter  of  fixed  alkali, 
and  fome  traces  of  vitriolated  tartar.  The  air, 
after  this  operation,  had  loft  all  its  noxious  pro- 
perties, and  did  not  feem  to  differ  in  any  refpeft. 
from  common  air. 

Another  method  which  the  Count  points  out 
to  reftore  to  the  air,  feparated  from  gun-powder, 
all  the  properties  of  common  air,  is  to  keep  ic 
for  twelve  hours  in  a  degree  of  cold,  equal  to 
that  in  which  water  freezes.  He  aflures  us,  that 
he  had  repeated  the  fame  experiment  on  air  de- 
tached 
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tached  by  the  effervefcence  of  an  acid  with  an 
alkaline  fubftance,  and  with  the  fame  fuccefs. 


Independent  of  thefe  experiments,  which, 
tend  eflentially  to  the  object  which  the  Count  de 
Saluces  had  in  view,  his  memoirs  contain  feve- 
ral  others,  which  throw  light  on  the  theory  of 
the  combination  of  air  with  bodies.  He  obferv- 
ed,  that  the  air  difengaged  from  effervefcing  fub- 
flances,  for  the  molt  part,  extinguifhed  flame; 
that  what  was  feparated  in  the  combination  of 
the  volatile  alkali  with  vinegar,  was  an  excep- 
tion to  this  general  rule  -7  that  the  nitrous  acid, 
when  mixed,  in  vacuo,  with  a  fixed  alkali,  pro- 
duced 'no  air ;  that  this  combination  remained 
chiefly  deliquefcent,  as  long  as  it  was  continued 
in  vacuo,  but  that  it  cryftallized  when  it  had 
been  expofed  for  fome  time  to  the  air.  This  ex- 
periment, joined  to  thofe  of  Dr.  Black  on  the 
cryftallization  of  fixed  alkali,  feems  to  give  oc- 
cafion  to  fufpedt,  that  the  combination  of  air  is 
neceflary  to  the  formation  of  faline  cryftals. 

The  Count  de  Saluces  further  obferves,   that 
gun-powder  explodes,   in  air  however  infected, 

whether 
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whether  it  be  by  the  burning  of  fulphur,  whether 
candles  have  been  extinguifhed  in  it,  or  whether 
it  have  been  difengaged  by  the  explofion  of  ano- 
ther portion  of  the  fame  powder.  He  then  fhews 
that  the  phcenomena  of  the  pulvis  fulminans  are 
the  fame  with  thofe  of  gun-powder ;  that  they 
are  occafioned  by  the  feparation  of  the  fame  elaf- 
tic  fluid  ;  but,  what  is  very  Angular,  is  that  the 
quantity  of  that  fluid  which  is  detached  from  the 
pulvis  fulminans  is  lefs  than  what  is  difengaged 
from  gun-powder ;  from  whence  the  Count  con- 
cludes that  the  effects  are  lefs  in  proportion  to 
the  quantity  of  air  feparated,  than  to  the  ra- 
pidity, and  if  I  may  be  allowed  the  expreflion, 
the  injiantaneiety  of  the  feparation.  I  take  no 
notice  here  of  an  infinite  number  of  interefting 
fads  with  which  the  Count's  memoir  is  replete, 
becaufe  they  are  rather  foreign  to  my  fubjecT:  % 
I  (hall  only  add,  before  I  finifh  this  article,  that 
the  Count  de  Saluces  only  admits  of  one  fpecies 
of  air,  in  which  opinion  he  differs  effentially' 
from  that  of  Dr.  Black. 


&  CHAP 
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CHAPTER     IX, 


Dr.  MACBRIDE's  APPLICATION  of  Dr. 
BLACK's  DOCTRINE  of  FIXED  AIR  to 
the  EXPLANATION  of  the  principal 
PHENOMENA  of  the  ANIMAL  CECO- 
NOMY. 

HITHERTO  the  exiftence  of  fixed  air, 
and  its  combination  with  bodies  was  but 
a  phyfical  opinion,  founded  on  particular  expe- 
riments •,  but  no  phyfiologift,  fmce  Van  Hel- 
mont,  had  adopted  it.  M.  Haller  was  the  firft 
who,  from  Dr.  Hales's  experiments,  has  in- 
ftru&ed  us,  that  the  air  was  the  real  cement  of 
bodies,  that  this  was  the  principle  which  fixing 
itfelf  in  the  folids  and  fluids  ierved  as  a  bond  to 
the  elementary  parts,  and  united  them  to  each 
other. 

Vidctur   aer   vinculum   clcmeniorum  primariam 
coiiftituere,  cum  non  prius  ea  clcmenta  a  fe  invicem 

difcedant 
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difcedant  quam  aer  expulfus  fuerit.     Haller,  Ele- 
ment a  Phyjiologise,  Tit.  1.  Cap.  I. 

Gluten  pr^eftat  verum  moleculis  terreis  adunandis^ 
ut  conftat  exemplo  calculorum  lapidum^  aliorum  cor- 
poris durorum ;  in  his  omnibus  folvitur  tunc  de- 
mum  par  Hum  vinculum  quando  aer  educitur.  Ibid. 
Seel.  244. 

A  very  numerous  and  accurate  feries  of  ex- 
periments appeared  in  1764  in  fupport  of  this 
doctrine.  Dr.  Macbride  of  Dublin,  the  author 
of  the  eflays  which  contain  them,  potteries  too 
diftinguiflied  a  rank  among  the  writers  on  this 
fubjecl,  for  us  to  omit  entering  into  a  detail  of 
the  important  facts  in  natural  philofophy  and 
phyfiology,  the  difcovery  of  which  we  owe  to 
him. 

It  is  demonftrated  by  Dr.  Macbride's  experi- 
ments, that  fixed  air  is  feparated,  not  only  from 
effervefcing  fubftances  and  from  vegetable  mat- 
ter during  fermentation,  but  alfo  from  all  ani- 
mal fubftances  as  foon  as  they  begin  to  putrefy ; 
and  to  prove  the  very  great  facility  with  which 

E  2  this 


52     HISTORICAL  ACCOUNT  OF 

this  air  is  capable  of  uniting  itfelf,  either  with 
lime  or  -with  the  fixed  or  volatile  alkalis ;  he 
made  ufe  of  what  is  now  called  Dr.  Macbride's 
apparatus,  though  the  original  idea  is  due  to 
Dr.  Black.  We  mall  endeavour  to  defcribe  the 
manner  in  which  he  operated.  He  placed  fuc- 
ceffively  in  a  bottle,  faline  fubftances  in  the  aft 
of  effervefcence,  vegetable  fubftances  in  fermen- 
tation, and  laftly,  animal  fubftances  which  had 
begun  to  putrefy  -,  he  obliged  the  air  which  was 
feparated  from  them  to  pafs  through  a  bended 
tube*  into  a  bottle  or  fiafk  which  fucceflively 
contained  lime  water,  and  the  fixed  and  volatile 
alkalis  in  a  cauftic  ftate.  As  foon  as  the  fixed 
air,  detached  from  thefe  different  bodies,  came 
into  contact  with  the  furface  of  the  lime  water, 
it  became  turbid,  and  foon  after  the  earth  gra- 
dually fubfided  in  the  form  of  calcareous  earthy 
viz.  pofTeffed  of  all  its  air  and  without  any  fignfr 
of  caufticity.  So  likewife  the  fixed  and  the  vo- 
latile cauftic  alkalis,  in  proportion  as  they  be- 
came combined .  with  the  fixed  air,  recovered 
their  property  of  effervefcing  with  acids  -,  and  as . 
foon  as  they  were  in  a  fufrlciently.  concentrated 
flate,  reaffumed  their  folid  form. and  cryftallized 

in 
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in  the  bottle.  This  experiment  mews  us,  that 
if  the  fixed  vegetable  alkali  has  not  the  property 
of  cryftallizing,  it  is  becaufe,  being  prepared  by 
a  ftrong  fire,  we  generally  procure  it  deprived 
of  fome  part  of  the  air  which  it  naturally  pof- 
fefTes.  If  therefore  we  reftore  to  it  this  quantity 
of  air,  it  at  the  fame  time  recovers  its  property 
of  cryftallizing.  We  find  the  firft  traces  of  this 
lafl  difcovery  in  Dr.  Black's  Memoirs. 

The  different  experiments  made  by  Dr. 
Mac  bride  on  the  great  quantity  of  fixed  air 
which  is  feparated  from  animal  fubftances  du- 
ring their  putrefaction,  led  him  to  conclude,  that 
on  the  prefence  of  this  elaftic  fluid  or  fixed  air  in 
flefh  depend  its  firmnefs,  its  cohefion  and  flate 
of  foundnefs ;  that  in  proportion  as  the  fixed  air 
is  feparated  from  it  by  the  fermentation,  its  tex- 
ture is  deftroyed,  its  conftituent  parts  become 
difunited,  and  feparate  to  reunite  in  a  differ- 
ent manner,  and  to  form  new  combinations  ve- 
ry different  from  the  former. 

It  is  eafily  perceived  that  this  doctrine  is  near- 
ly the  fame  as  that  which  had  been  taught  by 

E  3  Van 
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Van  Helmont ;  but  one  important  difcovery, 
fuppofing  the  fact  to  be  diffidently  proved,  *  be- 
longs wholly  to  Dr.  Macbride,  viz.  that .  flefh 
which  is  half  putrid  and  has  loft  a  portion  of  the 
fixed  air  which  entered  into  its  compofition, 
may  recover  its  former  fweetnefs,  by  reftoring 
to  it  the  fixed  air  of  which  it  had  been  deprived: 
to  produce  this  effect,  it  will  be  fufficient  to  ex- 
pofe  it  to  the  vapours  of  any  fermenting  matter,  or 
rather  to  a  current  of  fixed  air  from  an  effer- 
vefcing  mixture;  in  fhort,  to  introduce  the 
fixed  air  by  any  means  whatibever. 

Dr.  Macbride  applies  thefe  different  difco- 
veries  to  explain  the  phenomena  of  the  theory 
of  digeftion ;  he  fhews  that  all  the  alimentary 
mixtures  which  we  commonly  ufe,  are  fufcepti- 
ble  of  fermenting  in  a  fhort  time ;  that  animal 
and  vegetable  fubftances  when  mixed,  have  a 
greater  aptitude  to  ferment,  than  either  of  thefe 
fubftances  pofTefs  feparately ;  and  that  from  all 
the  alimentary  mixtures,  on  which  he  has  made 
a  numerous  train  of  experiments,  he  always  fe- 
parated   a   confiderable   quantity   of  fixed   air. 

Dr. 

*  Vide  Henry's  Experiments  and  Obfervations,  page  114 
&  feq. 
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Dr.  Macbride  fuppofes  that  the  fame  reparation 
muft  take  place  in  the  ftomach  of  an  animal  ♦, 
but  what  becomes  of  this  fixed  air  ?     He  ima- 
gines that   it  is  either  abforbed  and  combined 
with  the  chyle,    and  paffes,  in  that  ftate,  into 
the  circulation  of  the  blood,  or  rather  that  it  is 
abforbed  in  the  inteftinal  canal,   by   particular 
vefTels,  adapted  to  this  kind  of  fecretion  :  in  ei- 
ther cafe  the  air  is  carried  off  either  by  perfpira- 
tion  or  urine.     This  theory  leads  Dr.  Macbride 
to  engage  in  a  long  train  of  experiments  on  the 
greater  or  lefs  quantity  of  fixed  air,  contained 
in  the  different  animal  fecretions.  Lime  water  ap- 
peared to  him  to  be  the  proper  teft  in  this  inqui- 
ry; for  as  lime  has  a  great  affinity  with  fixed  air, 
whenever  any  liquor  containing  that  air  is  mixed 
with  it,  it  greedily  abforbs  it,  faturates  itfelf  with 
it,  and  now  no  longer  foluble,  it  is  precipitated 
and  fubfides  in  the  form  of  a  calcareous  earth. 
By  this  mode  of  trial,  Dr.  Macbride  difcovered 
that   blood,   newly    drawn,    contained   a   great 
quantity  of  fixed  air  -,  purfuing  his  experiments 
ftill  futher  he  difcovered  that  this  air  refided  in 
the  red  part  of  the  blood  while  the  ferum  was 
free  from  it.     By  experiments  of  a  fimilar  kind, 
he  alfo  was  informed  that  the  fweat  and  urine 

E  4  contained 
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contained  much  fixed  air,  whereas  on  the  contra- 
ry the  bile  and  efpecially  the  faliva,  fo  far  from 
containing  it,  had  a  tendency  to  abforb  it.. 

It  would  be  too  tedious,  here  to  relate  the 
feveral  experiments  made  by  Dr.  Macbride  on 
the  fermentation  of  alimentary  mixtures,  and  on 
the  means  of  accelerating  or  retarding  fermen- 
tation. Let  it  fuffice  to  fay  that  they  led  the 
author  to  the  mod  important  reflections  on  pu- 
trid difeafes,  and  the  fea-fcurvy,  which  accord- 
ing to  Dr.  Macbride's  theory  of  putrefaction, 
owe  their  origin  to  the  privation  of  that  cer- 
tain quantity  of  air  which  is  neceffary  to  a  ftate 
of  falubrity.  It  is  alfo  obfervable  that  the  diet, 
which  is  mod  unfuitable  in  thefe  difeafes,  is  that 
compofed  of  animal  food,  which,  by  Dr.  Mac- 
bride's  account,  yields  much  lefs  air  by  fermen- 
tation than  vegetables  \  the  method  of  cure  on 
the  contrary  confifts  in  the  ufe  of  a  vegetable 
diet,  and  of  all  thofe  fubflances  which  are  capa- 
ble of  furnifhing  an  abundance  of  fixed  air.  On 
thefe  principles  Dr.  Macbride  recommends  the 
ufe  of  malt  as  a  cure  for  the  fea-fcurvy;  this 
fubftance  furnifhes  a  decoction  very  proper  for 

fermentation 
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fermentation  and  which  fupplies  a  larger  quan- 
tity of  fixed  air  than  any  other  vegetable  body. 
With  the  fame  vi$w  he  prefcribes  fugar  and 
water,  and  other  fimilar  liquors. 

The  antifeptic  quality*  which  is  fo  univerfally 
}cnown  to  belong  to  acids,  Dr.  Macbride  attri- 
butes folely  to  the  particular  property  which  they 
have  of  uniting  with  the  alkaline  particles  of  the 
putrefying  fubftance,  and  thereby  neutralizing 
them*,  but  as  a  remedy,  he  efteems  them  to  be  ra- 
ther palliative  than  curative,  becaufe  they  do  not 
like  fixed  air,  reftore  the  part  to  its  natural 
ftate. 

Independent  of  the  experiments  already  re- 
cited, which  are  effentially  connected  with  Dr. 
Macbride's  theory,  his  Treatife  contains  many 
Others  of  which  the  following  are  the  principal : 

id.  The  feparation  of  fixed  air  from  fermen- 
tative mixtures  is  accelerated  in  Boyle's  vacuum. 

2dly.  Calcareous  earths  have  the  property 
of  haftening.  putrefaction. 

gdly.  Lime 
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gdly.  Lime  produces  a  very  particular  effed 
on  animal  fubftances,  It  decompofes  them  by 
abforbing  the  fixed  air  which  they  contain,  and 
thereby  produces  an  effedt,  in  fome  meafure, 
^nologous  to  that  of  putrefa&ion. 

4thly.  The  union  of  oil  and  fixed  alkali  takes 
place  according  as  the  latter  is  deprived  of  its 
air.  If  the  vapours,  arifing  from  an  effervef- 
cing  or  a  fermentative  mixture,  be  fuffered  to 
pafs  into  a  folution  of  foap,  the  fixed  air  which 
is  feparated,  combines  itfelf  gradually  with  the 
fixed  alkali  of  the  foap,  and  the  oil  being  fet  at 
liberty,  fwims  on  the  furface. 

5thly.  Ardent  re&ified  fpirits  abforb  fixed 
air  when  expofed  to  it. 

The  Do&or  has  alfo  proved  that  the  vola- 
tile alkali,  which  is  difcharged  from  animal  fub- 
ftances,  in  the  progrefs  of  putrefadtion,  is  fome- 
times  in  its  natural  ftate  or  faturated  with  air, 
fometimes,  on  the  contrary,  wholly  divefted  of 
its  air,  and  in  a  cauftic  ftate.  For  example, 
he  difcovered  by  a  feries  of  experiments,  that 

putrefied 
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putrefied  blood,  as  well  as  the  fpirit  drawn  from 
it,  effervefced  with  acids ;  whereas  bile,  though 
equally  putrid,  and  alfo  the  liquor  which  runs 
from  putrefied  fiefhj  did  not  produce  any  effer- 
vefcence  -,  neither  did  the  fpirit  diftilled  from 
them  differ,  in  this  refpeft,  from  the  liquors 
themfelves. 

From  all  thefe  experiments,  Dr.  Macbride 
concludes  that  fixed  air  is  an  elaftic  fluid,  very- 
different  from  atmofpheric  air ;  that  the  former 
may  be  introduced  without  danger  into  the  in- 
teftinal  canal,  as  well  as  into  other  parts  of  the 
animal  economy,  without  occafioning  any  dis- 
order j  whereas  atmofpheric  air  under  the  fame 
circumftances,  would  be  fatal  in  its  effects  :  but 
yet,  on  the  contrary,  it  is  impofiible  for  animals 
to  live  without  refpiring  continually  the  fluid 
which  forms  our  atmofphere,  whereas  fixed  air 
infpired  into  the  lungs,  is  a  fubtle  poifon  occa- 
fioning immediate  death:  That  fixed  air  very 
eafily  unites  with  lime  or  with  alkaline  falts, 
whereas  we  cannot,  by  the  fame  methods,  com- 
bine them  with  the  air  of  our  atmofphere. 
Laftly,  he  adds,  that  fixed  air  is  found  to  be 

difperfed 
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difperfed  in  our  atmofphere,  fince  lime  and 
cauftic  alkalis,  in  time,  lofe  their  diftinguilhing 
properties,  and  acquire  that  of  effervefcing  with 
acids.  Thefe  conclufions  are  nearly  the  fame  as 
thofe  of  Van  Helmont. 


CHAPTER    X. 

EXPERIMENTS  made  by  the  honourable 
Mr.  CAVENDISH  on  the  combination 
of  FIXED  AIR  with  different  sub- 
stances. 

SOON  after  the  publication  of  Dr.  Macbride's 
Treatife,  Mr.  Cavendifh  communicated  to 
the  Royal  Society  of  London  fome  new  experi- 
ments which  tended  equally  to  confirm  Dr. 
Black's  do&rine  •,  they  are  to  be  found  in  the 
Philofophjcal  Tranfactions  for  the  years  1766 
and  1767.  Mr.  Cavendifh  has  proved  that  the 
quantity  of  fixed  air  contained  in  fixed  alkali 
when  fully  faturated  with  air,  is  five-twelfths  of 
its  weight,  and  feven-twelfths  in  volatile  alkali, 

which 
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which  great  quantity  of  air  is  fometimes  the  caufe 
of  the  brifk  effervefcence  which  appears  In  a  cal- 
careous earth  after  it  has  been  diftblved  in  the 
nitrous  acid  and  precipitated  by  an  alkali  thus- 
faturated  with  air ;  for  in  fact,  as  the  precipitant 
furnifhes  more  air  than  the  precipitated  matter 
can  abforb,  there  is  neceffarily  a  portion  at  li- 
berty, '  which,  recovering  its  elafticity,  occafions 
the  effervefcence. 

Mr.  Cavendish  farther  fhows  that  water  is-' 
capable  of  abforbing  a  volume  of  air  more  than 
equal  to  itfelf;  that  this  quantity  is  proportion- 
ably  greater  as  the  water  is  colder,  and  is  com- 
prefled  by  a  heavier  atmofphere;  that  water 
thus  impregnated  with  fixed  air  has  an  acidu- 
lous, fpirituous,  and  not  difagreeable  tafte ;  and 
laftly,  that  it  has  the  property  of  diffolv-ing  cal- 
careous earth  and  Magnefia.  It  follows,  as  a 
confequence  of  this  property  of  water  impreg- 
nated with  fixed  air,  that  if  after  precipitating 
the  lime  from  lime-water  by  throwing  fixed  air 
into  it,  dill  more  of  the  fame  air  be  added,  the 
water  becomes  capable  of  rediffolving  a  part  of 
the  earth  which  had  been  precipitated. 

Water 
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Water  impregnated  with  fixed  air  has  alfo 
the  property  of  difiblving  almoft  all  the  metals, 
and  efpecially  iron  and  zinc ;  a  very  fmall  quan- 
tity of  thefe  metals  is  fufficient  to  communicate 
to  water  their  tafte  and  virtues  *. 

These  circumftances  feem  to  explain,  in  the 
mod  natural  manner,  how  the  mod  pure  diftil- 
led  water  diffolves  iron,  as  appears  from  Mr. 
Monet's  obfervations,  and  why  that  combina- 
tion takes  place  more  readily  in  cold  than  in  hot 
water :  the  reafon  is  this,  the  water  acts  on  the 
metal  only  in  proportion  to  the  fixed  air  which 
it  contains;  and  it  has  been  already  obferved 
that  it  contains  lefs  in  proportion  to  its  heat. 
For  this  reafon  we  are  not  able  to  obtain  the  lead 
particle  of  vitriol  from  mod  of  the  mineral,  fer- 
ruginous waters. 

We  are  alfo  informed  by  Mr.  Cavendifh,  that 

fixed 

*  Though  M.  Lavoifier  has  placed  this  difcovery  here, 
he  acknowledges  it  does  not  belong  to  Mr.  Cavendifh.  It 
is,  in  reality,  the  property  of  my  very  ingenious  friend 
Mr.  Lane  of  Alderfgate-flreet ;  and  was  made  in  confe- 
quence  of  a  converfation  with  Dr.  Watfon,  junior.  Vide 
Philofophieal  Tranfattions,  Ann.  1769,  and  Sir  John  Pring- 
le's  Difcourfe  on  the  different  kinds  of  Air,  page  11.  T.  H. 


ELAPSTIC  VAOURS.  63 

fixed  air  may  be  combined  with  fpirit  of  wine 
and  with  exprefTed  oils,  but  that  thefe  fubftances 
do  not,  in  other  refpe&s,  obtain  any  new  pro- 
perties by  the  union  ;  that  the  vapour  of  burn- 
ing charcoal  occafions  a  remarkable  diminution 
of  air,  and,  that  at  the  fame  time,  a  quantity  of 
fixed  air  is  produced  in  the  operation  which  is 
capable  of  being  abforbed  by  foap  ley.  And  to 
conclude,  Mr.  Cavendifh  is  the  firft  who  has 
remarked,  that  a  folution  of  copper  in  fpirit  of 
fait,  inftead  of  yielding  inflammable  air,  like 
that  of  iron  or  zinc,  afforded  a  particular  fpe- 
cies  of  air,  which  loft  its  elafticity  as  foon  as  it 
came  into  contact  with  water. 


CHAPTER     XL 

M.  MEYER's  THEORY  concerning  the 
CALCINATION  of  CALCAREOUS 
EARTHS,  and  the  CAUSE  of  CAUS- 
TICITY in  LIME  and  in  ALKALIS. 

WHILE  the  doctrine   of  fixed  air  was 
peaceably   eftabliihed   in   England,    a 
formidable  opponent   to  it  arofe  in  Germany. 

Nearly 
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Nearly  at  the  fame  time  that  Dr.  Macbridepub- 
lifhed,  in  Englifh,  the  Effays  of  which  we  have 
j uft  given  an  account,  a  very  elaborate  Treatife 
was  publifhed,  written  in  German,  by  M.  Meyer, 
Apothecary  at  Ofnabruck,  'entitled,  EJfays  in 
Chemiftry,  on  Quick-lime,  the  Elaftic  and  EleEiric 
Matter,  Fire,  and  the  univerfal  primitive  Acid. 
This  Treatife  contains  a  great  number  of  experi- 
ments, for  the  moft  part  accurate  and  true,  from 
which  the  author  has  deduced  confequences  to- 
tally oppofite  to  thofe  drawn  by  Doctors  Hales, 
Black  and  Macbride.  There  are  few  modern 
books  of  chemiftry  which  difplay  more  genius 
than  this  of  M.  Meyer ;  and  if  his  ideas  were 
to  be  adopted,  the  confequence  would  be  no- 
thing lefs  than  a  new  theory  directly  contrary  to 
that  of  Stalh,  and  of  all  the  modern  chemifts. 

Mr.  Meyer,  firft  examines  the  nature  of  the 
calcareous  ftones  of  the  fparry  kind,  and  of 
fubftances  proper  to  make  lime.  He  remarks 
thatthefe  fubftances  are  rarely  pure,  that, they 
are  commonly  mixed  with  fand  and  other  foreign 
matter  •,  but  that  the  part  really  proper  to  make 
lime,  is  nothing  more  than  a  pure  earthy  alkali, 

infoluble 
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infoluble  in  water,  fufceptible  of  combination 
with  acids,  in  which  it  diflblves  with  effervef- 
cence,  &c.  Fie  obferves,  that  as  foon  as  thefe 
fubftances  have  been  expofed,  a  fufficient  time* 
to  the  action  of  a  (trong  fire,  they  fuffer  a  large 
quantity  of  water  to  efcape ;  that  after  this  ope- 
ration they  come  out  with  the  property  of  being 
wholly  foluble  in  water,  and  of  no  longer  effer- 
vefcing  with  acids.  From  thefe  new  properties 
M.  Meyer  concludes,  that  the  lime,  while  in  the 
fire,  has  been  neutralized  by  a  particular  acid, 
to  which,  as  a  medium,  its  folubility  in  water  is 
due,  and  whofe  union  with  it  has  deprived  it  of 
its  property  of  effervefcing  with  acids.  To  con- 
firm this  theory,  Mr.  Meyer  poured  into  lime- 
water,  drop  by  drop,  fome  lixivium  of  fixed  al- 
kali. The  lime-water  prefently  became  turbid, 
and  the  lime  fubfided  under  the  form  of  a  calca- 
reous earth,  infoluble  in  water  as  before  its  cal- 
cination-, the  alkali,  on  the  other  hand,  had 
acquired  the  caufticity  of  the  lime,  and  a  part  of 
its  other  properties.  From  whence  Mr.  Meyer 
concludes,  that  the  acid  which  was  united  to  the 
lime,  and  rendered  it  foluble,  has  more  affinity 
with  fixed  alkali  than  with  lime;  that  it  aban- 

F    ,  dons 
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dons  the  latter,  and  unites  with  the  fixed  alkali. 
The  fame  thing  happens  when  lime-water  is  pre- 
cipitated by  the  volatile  alkali,  or  on  feparating, 
by  means  of  lime,  the  volatile  alkali  from  fal 
ammoniac :  in  all  thefe  cafes,  the  acid  of  the 
lime  neutralizes  the  fait,  renders  it  cauftic,  un- 
criftalizable,  and  deprives  it  of  the  property  of 
effervefcing  with  acids.  The  acid  fubftance, 
which  the  lime  thus  attracts  in  the  fire,  Mr. 
Meyer  calls  acidum  pingue  -,  he  fuppofes  it  to  be 
a  fubftance  nearly  approaching  to  that  of  fire 
and  of  light*,  that  it  is  by  the  aid  of  this  acid, 
that  lime  unites  with  oil,  diflblves  fulphur,  cVc. 
Laftly,  it  is  Mr.  Meyer's  opinion,  that  the  acidum 
pingue  enters  very  abundantly  into  the  compofi- 
tion  of  vegetables  and  animals  -,  that  it  js  this 
which  eicapes  from  charcoal  when  burning,  from 
wood  when  it  confumes,  &c. 

Mr.  Meyer  goes  on  to  point  out  its  combi- 
nation with  a  great  number  of  bodies  ;  he  fup- 
pofes it  to  exift  in  metallic  calces,  in  minium, 
and  that  it  may  be  made  to  pafs  from  them  into 
either  the  fixed  or  volatile  alkalis,  which  thereby 
acquire  a  date  of  caufticity.     It  is  principally  in 

this 
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this  article  that  Mr.  Meyer's  theory  feems  to 
have  the  advantage  over  the  Engliili  fyftem.  In 
fact  the  theory  of  the  acidum  pingue  explains  in 
the  moil  natural  and  mod  fimple  manner  the 
augmentation  in  the  weight  of  the  metallic  calces, 
their  action  on  fal  ammoniac,  the  feparation  of 
the  volatile  alkali  from  that  fait  by  minium,  li- 
tharge, and  many  other  metallic  calces.  In  every 
cafe,  it  is  the  cauftic  of  fire,  the  acidum  pingue 
which  unites  with  the  metals  by  calcination, 
which  paiTes  afterwards  into  the  volatile  alkali, 
and  forms  a  fpecies  of  neutral  fait  fimilar  to  that 
which  is  obtained  with  lime, 

Mr.  Meyer  obviates  one  capital  objection 
which  might  be  made  to  his  theory  on  Dr.  Black's 
fyftem.  The  latter  has  advanced,  that  if  a  pure 
calcareous  earth  be  -diffblved  in  the  nitrous  acid, 
and  afterwards  precipitated  by  an  alkali,  we  may 
have,  as  we  chufe,  the  earth  precipitated  either 
in  the  ftate  of  calcareous  earth  or  of  lime.  If  it 
be  precipitated  by  the  common  fixed,  or  con- 
crete volatile  alkali,  it  is  obtained  in  the  ftate  of 
calcareous  earth  ;  but  in  that  of  quick-lime,  on 
the  contrary,  if  it  be  precipitated  by  either  the 

F  2  fixed 
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fixed  or  volatile  cauftic  alkali.  Dr.  Black  has 
explained  this  phenomenon  in  the  following 
manner  :  Calcareous  earth,  diflblved  in  fpirit  of 
nitre,  no  longer  contains  any  air,  for  it  has  been 
difTipated,  during  the  combination,  by  the  effer- 
vefcence.  If,  then,  the  earth  be  precipitated 
from  this  folutjon  by  a  common  fixed  alkali  fa- 
turated  with  air,  in  proportion  as  the  alkali 
unites  with  the  acid,  it  abandons  all  its  air5 
which  is  conveyed  to  the  earth,  and  precipitates 
k  under  the  form  of  a  calcareous  earth  ;  if  on 
the  contrary  it  be  precipitated  by  a  cauftic  al- 
kali, viz.  by  an  alkali  deprived  of  its  air,  the 
earth,  not  finding,  in  the  mixture,  any  thing 
which  can  fupply  it  with  air,  fubfides  in  the 
Hate  of  lime. 

The  fimplicity  of  this  explanation  does  not 
at  all  difconcert  Mr.  Meyer,  and  he  anfwers  in 
a  manner  alfo  quite  natural.  When  we  precipi- 
tate a  folution  of  calcareous  earth  by  a  cauftic 
alkali,  we  mix,  as  it  were,  by  his  account,  two 
neutral  falts  together  ^  the  one  a  nitre  with  an 
earthy  bafis,  the  other  compofed  of  the  acidum 
pingue  and  fixed  alkali.    A  double  deeompofi- 

tion 
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tion,  then,  fhould  take  place  in  the  mixture. 
The  nitrous  acid  fhould  quit  its  bafis  to  unite 
with  the  fixed  alkali,  and,  at  the  fame  time,  the 
acidum  pingue  being  at  liberty,  fhould  attach 
itfelf  to  the  calcareous  earth  and  precipitate  with 
it  in  the  form  of  lime,  viz.  foluble  in  water,  and 
deprived  of  the  property  of  effervefcing  with 
acids.  But  the  event  rhuft  be  different  when  we 
precipitate  by  a  common  alkali ;  for  as  that  does 
not  contain  the  acidum  pingue^  the  precipitate 
falls  as  a  calcareous  earth. 

It  would  be  too  tedious  to  follow  Mr.  Meyer 
in  the  comparifon  which  he  makes  between  the 
acidum  pingue  and  the  matter  of  fire,  that  of 
light,  the  ele&ric,  and  the  phlogiftic  matter. 
I  fhould  be  led,  befides,  into  details  too  exten- 
five  for  my  defign.  This  chernift,  it  muft  be 
confefTed,  gives  himfelf  up  too  much  to  a  pro- 
penfity  which  all  thofe  have,  who  believe  they 
have  difcovered  a  new  agent,  and  apply  it  in- 
difcriminately  to  every  thing. 


CHAP. 


jo    HISTORICAL  ACCOUNT  OF 


CHAPTER     XIL 

An  explanation  of  Dr,  BL  ACK's  THEORY 
of  FIXED  AIR,  by  Mr.  JACQUIN. 

THE  Englifh  dodrine  attacked  by  Mr. 
Meyer,  ibon  found  a  defender.  Mr. 
Jacquin,  Botanical  Profeflbr  at  Vienna,  pub- 
lifbed  in  1769,  a  Latin  difTertation  in  its  favour 
intitled  $  A  Chemical  examination  of  Mr.  Meyer* s 
T)oklrine>  of  his  Acidum  pingue,  and  of  Dr. 
Black's  Doffrine  concerning  the  Phenomena  of  Fixed 
Aifi  with  regard  to  lime.  This  difTertation, 
though  it  may  not  have  added  much  to  what 
had  before  been  done  by  Meflrs.  Black  and 
Macbride,  may  be  confidered  as  an  excellent 
work,  on  account  of  the  method  and  clearnefs 
with  which  the  fa&s  are  there  related,  the  choice 
of  experiments  which  it  contains,  the  fimplicity 
and  accuracy  of  the  procefTes,  and  laftly  of  the 
right  manner  of  philofophizing  obfervable  in  it. 

The 
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The  firft  obfervation  which  ftruck  Mr.  Jac- 
quin,  was  that  lime  lofes,  during  its  calcination 
nearly  one  half  of  its  weight.  This  peculiarity, 
v/hich  rendered  Mr.  Meyer's  theory  fufpecled 
by  him,  engaged  him  to  perform  the  calcination 
of  lime-done  in  clofe  veiTeJs.  For  this  purpofe, 
he  took  a  ftone-retort  capable  of  bearing  the 
action  of  fire  ;  into  this  he  put  thirty-two  ounces 
of  lime- (lone  \  he  then  adapted  to  it  a  large  tu- 
bulated receiver,   and  proceeded  to  diftillation. 

At  firft  he  employed  but  a  moderate  fire, 
and  obtained  only  fome  phlegm  ;  but,  prefently, 
having  raifed  the  fire,  an  elaftic  vapour  began  to 
feparate  very  plentifully,  which  continued  to  fly 
off  during  an  hour  and  half,  with  an  hiffing 
noife,  through  the  tube  of  the  receiver :  this  va- 
pour Mr.  Jacquin  fuppofes,  to  have  been  no- 
thing but  air.  The  operation  being  finifhed  he 
found  no  more  than  feventeen  ounces  of  calca- 
reous earth  in  the  ftate  of  lime,  in  the  cucurbit, 
and  two  ounces  of  phlegm  containing  fome 
flight  traces  of  volatile  alkali  in  the  receiver. 

The  thirteen  deficient  ounces  Mr.  Jacquin  at- 
F  4  tributes 
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tributes  to  the  air ;  hence  it  follows,  according 
to  him,  that  lime-ftone  contains  fix  or  feven 
hundred  times  its  bulk  of  air. 

The  object  of  feveral  experiments,  which  are 
related  after  this,  is  to  prove  that  lime-ftone, 
becomes  quick-lime,  only  in  proportion  to  the 
quantity  of  ejaftic  fluid  which  is  difengaged  from 
it;  and  that  if,  for  example,  we  draw  off  no- 
thing but  the  phlegm,  and  then  extinguifh  the 
fire,  the  lime-ftone  will  be  found  in  the  retort, 
nearly  in  the  fame  ftate  in  which  it  was  put  into 
it.  What,  according  to  Mr.  Jacquin,  proves 
ilill  more  fatisfactorily,  that  it  is  not  the  depriva- 
tion of  water  only  which  conftitutes  the  lime,  is 
that  if  inftead  of  flopping  the  operation  as  foon 
as  the  air  begins  to  be  difengaged,  we  continue 
it  fomewhat  longer,  the  limeftone  is  reduced  in- 
to quicklime  on  its  furface,  without  being  fo  in- 
teriorly. 

These  firft  experiments  led  Mr.  Jacquin  to 
fpme  reflections  on  the  mariner  in  which  air  may 
exift  in  bodies ;  and  he  makes  a  diftinction  be- 
tween the'  air  which  only  enters  into  their  pores 

and 
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and  that  which  enters  into  their  compofition. 
The  firft  may  be  rendered  fenfible  by  the  mere 
experiment  of  the  air  pump ;  the  latter,  on  the 
contrary  is  in  a  (late  of  divifion  or  dhTolution 
which  does  not  permit  it  to  enjoy  its  elafticity. 

We  know  that  lime  is  capable  of  being  dif- 
folved  in  water ;  that  lime-water  expofed  to  the 
air  affords  a  pellicle  which  is  no  longer  lime, 
but  a  calcareous  earth  which  effervefces  with 
acids.  Mr.  Jacquin  agrees  in  opinion  with  all 
Dr.  Black's  difciples,  that  this  fubftance  is  no- 
thing more  than  lime  which  has  recovered  the 
air  of  which  it  has  been  deprived,  and  he  mews 
that  it  recovers,  in  proportion,  the  weight  which 
it  had  loft  by  calcination.  This  cremor  calcis 
calcined  again  lofes  ^-  of  its  weight  -,  its  air  is 
feparated  during  the  calcination;  in  fliort,  every 
thing  declares  it  to  have  repaffed  to  the  ftate  of 
lime-ftone. 

Mr.  Jacquin,  afterwards,  examines  the  ac- 
tion of  water  upon  lime  ♦,  he  demonftrates  that 
it  extinguishes  the  lime  without  reftoring  to  it 
its  air,  becaufe  we  may  preferve  the  lime  under 
the  water,  as  long  as  we  pleafe,  without  its  ceaf- 

ing 
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ing  to  be  lime,  provided  that  we  can  keep  the 
furface  of  the  water  from  contact  with  the  open 
air,  otherwife  the  whole  muft  be  converted,  fuc- 
cefTively  and  in  procefs  of  time,  into  a  cremor 
calcis.  He  mews  alfo,  that  if  we  evaporate 
lime-water,  by  way  of  diftillation,  the  earth 
which  remains  in  the  cucurbit  is  ftill  lime,  and 
by  no  means  calcareous  earth.  All  thefe  expe- 
riments prove  further  that  it  is  not  the  abfence 
or  prefence  of  water  which  conftkutes  the  (late 
of  lime  or  of  calcareous  earth. 

Mr.  Jacquin  afterwards  reviews  all  the  ex- 
periments of  Doctors  Black  and  Macbride ;  and 
he  has  alfo  added  fome,  which  are  new,  with  the 
fame  intentions.  He  mews  that  every  mixture 
of  chalk  or  of  common  alkali,  with  an  acid, 
produces  air  which  has  the  property  of  precipi- 
tating lime-water  •,  viz.  of  uniting  with  the  lime 
which  is  dhTolved  in  the  water,  of  converting  it 
into  a  calcareous  earth,  rendering  it  infoluble, 
and  making  it  cryftallize  immediately.  The  air 
which  feparates  from  lime-ftone,  during  its  cal- 
cination, has  the  fame  property. 


Mr, 
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Mr.  Jacquin  oppofes  thefe  experiments  and 

thofe  of  Meffrs.  Black   and  Macbride  to  Mr. 

Meyer's  theory,  and  he  draws,   from  mod  of 

them,  objections  which  to  him  appeared  infur- 
mountable; 

Mr.  Jacquin  had  before  obferved,  that 
whenever  the  air  is  diflblved,  and  combined  with 
certain  fubftances,  it  has,  as  in  all  the  chemical 
combinations,  ift.  a  point  of  faturation ;  2dly. 
a  certain  degree  of  adhefion,  which  is  greater  or 
fmalier  in  proportion  to  the  difference  of  affinity 
which  it  has  with  thefe  different  fubftances.  He 
applies  thefe  reflections,  in  the  cleareft  manner, 
to  the  formation  of  cauftic  alkalis  >  he  maintains 
that  lime  only  acts  upon  them. by  means  of  the 
greater  affinity  which  fixed  air  has  with  it;  and 
he  alfo  eflablifhes  it  as  a  principle,  with  Black 
and  Macbride,  that  lime,  the  common  cauftic, 
and  all  cauftics  of  that  kind,  act  fo  powerfully 
on  animal  fubftances,  only  by  attracting  their 
air  of  which  they  are  extremely  greedy,  and 
that  as  this  air  is  effential  to  their  combination, 
a  decomposition  errfues. 

Mr. 
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Mr.  Jacquin  has  alfo  repeated  the  experi- 
ments of  MefTrs.  Black  and  Macbride  on  the 
means  of  making  lime  in  the  moift  way.  If 
calcareous  earth  be  combined  with  nitrous  acid 
in  a  long  necked  bottle,  we  perceive,  after  the 
effervefcence,  that  the  chalk  has  loft  nearly  half 
its  weight,  viz.  that  h  has  loft  all  the  air  which 
conftituted  it  calcareous  earth ;  it  is  then  in  the 
ftate  of  lime.  If  we  wifh  to  obtain  it  alone  in 
the  fame  ftate  and  feparated  from  the  nitrous 
acid,  we  have  only  to  precipitate  it  by  a  cauftic 
alkali;  the  earth  which  remains,  when  wafhed 
from  the  fait,  is  a  true  lime  foluble  in  water. 

This  diflertation  of  Mr.  Jacquin,  as  has  al- 
ready been  faid,  contains  only  a  fmall  number  of 
new  facls,  the  foundation  belongs,  entirely,  to 
Meflrs.  Black  and  Macbride;  but  there  is  to 
be  difcovered  in  his  experiments  much  more 
order  than  in  thofe  of  the  two  Englifh  authors  5 
and  it  may  be  regarded  as  a  complete  treatife  on 
the  caufticity  of  lime,  and  of  alkalis,  upon  the 
hypothecs  of  Dr.  Black.  The  fear  of  falling 
into  repetitions  does  not  permit  me  to  avail  my felf 
gf  an  infinite  number  of  interefting  details  which 

conftitute 


ELASTIC  VAPOURS.  yf 

eonftitute  a  part  of  the  merit  of  this  work,  and 
which  announce  very  great  perfpicuity  in  his 
ideas,  and  much  method  in  the  manner  of  com- 
municating them. 


CHAPTER    XIII. 

A  REFUTATION  of  the  THEORY  of 
Messieurs  BLACK,  MAGBRIDE,  and 
JACQUIN,  by  Mr.  CRANS. 

DEATH  removed  Mr.  Meyer  from  among 
the  learned  about  the  time  that  Mn 
Jaquin's  work  appeared  5  but  his  doctrine  had 
already  made  a  rapid  progrefs  in  Germany,  had 
been  adopted  by  chymifts  of  reputation,  and  had 
begun  to  receive  public  notice  in  the  fchools. 
Mr.  Jacquin's  work,  therefore,  did  not  meet 
with  a  friendly  reception  there;  and  in  1770, 
Mr.  Crans,  phyfician  to  his  Majefty  the  King 
of  Pruflla,  publiflied  againft  him  at  Leipfick, 
a  Latin  work,  entitled,  A  Refutation  of  the  che- 
mical Examination  of  Meyer's  Doclrine  concerning 
the  Acidum  Pingue  i  and  of  Black's  Doclrine  con- 
cerning 
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cerning  fixed  Air^   as  relative   to  Quick-lime^  in 
octavo,  212  pages. 

The  experiments,  related  by  Mr.  Crans,  are 
fo  very  numerous,  that  I  fliould  exceed  the 
bounds  to  which  I  have  confined  myfelf,  if  I 
were  to  enter  into  a  detail  of  them  all :  I  ftiall 
only  endeavour  to  give  fome  idea  of  the  princi- 
pal ones,  and  I  fhall  efpecially  felect  thofe  which 
feem  more  directly  to  oppofe  the  doctrine  of  fix- 
ed air. 

Mr.  Crans  firft  inquires  into  the  action  of 
fire  on  lime-ftone.  He  agrees  with  Dr.  Black's 
difciples,  that  this  fubftance  lofes  a  considerable 
portion  of  its  weight  in  the  fire,  but  he  attributes 
this  lofs  to  the  great  quantity  of  water  which  it 
contained,  and  which  was  driven  off  by  the  force 
of  the  fire.  It  is  alfo  to  the  water  reduced  to 
vapours,  or  in  a  flate  of  expanfion,  that  he  at- 
tributes, chiefly,  the  elaftic  feparation  obferved 
by  Mr.  Jacquin,  during  the  calcination  of  lime- 
ftone  in  clofe  vefTels  •,  but  he  has  not  produced, 
beyond  this,  any  decifive  proof  of  this  arfertion. 

Mr.  Crans  is  of  opinion,  that  limeftone  when 

calcined 
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calcined  is  not  deprived  of  the  property  of  effer- 
vefcing  with  acids,  as  Dr.  Black's  followers  pre- 
tend, and  he  quotes,  on  this  fubjecT:,  the  tefti- 
monies  of  MefTrs.  Duhamel,  Geoffroy,  Homberg, 
and  Pott,  who  have  all  declared  that  lime  ef- 
fervefces  with  acids.  He  here  adds  fome  expe- 
riments of  his  own  ^  thefe  were  made  on  lime 
under  different  circumftances,  and  which  had  ef- 
pecially  been  carefully  preferved  from  contact 
with  the  air,  yet  he  uniformly  obferved  an  efFer- 
vefcence. 

He  objects  on  this  occafion,  that  if  lime  only 
differ  from  calcareous  earth  in  being  deprived  of 
its  air,  and  in  the  great  affinity  which  it  has  with 
it,  it  ought,  in  a  fhort  time  to  reabforb  in  the  open 
air,  the  whole  of  the  air  of  which  it  has  been  de- 
prived, and  to  become  again  a  calcareous  earth ; 
he  has  obferved  however  that  lime  may  be  pre- 
ferved a  long  time  in  the  air  without  lofing  its 
nature ;  he  even  arTures  us  that  after  a  confide- 
rable  length  of  time,  it  acquires  greater  caufti- 
city. 

After   having   examined    the    appearances 

which 
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-which  limeftone  exhibits  during  its  calcination, 
Mr.  Crans  proceeds  to  the  flaking  of  lime.  He 
obferves  that  the  fudden  fwelling,  and  that  con- 
fiderable  heat  whicfr  is  remarkable  during  the  o- 
peration,  and  which  is  fo  natural  a  confequence 
by  Mr.  Meyer's  fyftem,  is  abfolutely  inexplicable 
by  Dr.  Black's  hypothefis,  which  alfo  affords  no 
better  reafon  why  calcareous  earth  diffolves  with 
very  little  heat  in  the  nitrous  acid,  whereas  the 
diffolution  of  lime  in  the  fame  acid  produces  a 
degree  of  heat  fuperior  to  that  of  boiling  water ; 
that,  in  fine,  the  partifans  of  fixed  air  are  not 
able  to  give  any  fatisfactory  reafon  for  that  acrid 
and  corrofive  vapour  which  exhales  from  lime 
and  occafions,  us  to  cough,  for  the  danger  at- 
tending buildings  newly  plaftered  with  lime,  nor 
for  feveral  other  effects  produced  by  it. 

Mr.  Crans  proceeds  to  examine  the  phe- 
nomena which  lime  prefents  on  its  difiblution  in 
water,  and  during  its  cryftallization.  We  have 
feen  above  that  the  pellicle  which  forms  on  the 
furface  of  lime  water,  when  it  has  been  expofed, 
for  fome  time,  to  the  air  and  which  is  known 
among  Chemifts,  by  the  name  of  Cremor  Caleis, 

is 
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is  nothing  elfe,  according  to  Mr.  Jacquin,  thari 
lime  which  has  recqvered  its  air,  and  which  by 
this  union  has  alfo  recovered  the  (late  of  calca~ 
reous  earth,  viz.  has  become  infoluble  in  water, 
and  fufceptible  of  effervefcence  \  in  a  word,  th§ 
fame  as  before  calcination.  Mr.  Crans,  on  the 
contrary,  fuppofes,  with  Mr.  Meyer,  that  the 
cremor  calcis  is  lime  which  has  loft  the  caqftic 
principle  or  acidnm  pingue  \  he  aflures  us  that 
he  has  frequently  feen  this  fubftance  form  itfelf 
at  the  bottom  of  the  fluid,  and  not  on  its  furface, 
and  that  it  is  depofued  on  the  interior  fides  of 
the  veffel,  and  in  places  where  the  lime  could 
have  had  no  contact  with  the  air ;  and  laftly, 
that  it  even  forms  while  the  lime-water  is  cover- 
ed with  a  pellicle  which  cuts  off  all  communica- 
tion with  the  air.  Moreover,  all  the  lime,  ac- 
cording to  Mr.  Crans,  is  not  foluble  in  water? 
nor  can  the  whole  be  converted  into  cream, 
which  ought  to  follow  from  the  principles  of 
Pr.  Black  and  his  cjifciples. 

Mr.  Crans  does  not  quit  the  fubjecl:  of  lime- 
water  till  after  he  has  dwelt  a  confiderable  time 
on  its  properties,  and  he  deduces  from  thence, 

G  almoft 
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almoft  every  obje&ion  againft  Dr.  Black's  theory. 
Lime-water  difiblves  fulphur,  camphor,  and 
refins,  nearly  in  the  fame  manner  as  fpirit  of 
wine ;  Dr.  Black's  difciples,  to  reafon  confident- 
ly, ought  then  to  go  fo  far  as  to  declare,  that  it 
renders  thefe  fubftances  foluble  in  water  by  at- 
tracting their  air  from  them,  as  they  fay  of  cal- 
careous earth  converted  into  quick-lime ;  but 
then  they  will  find  themfelves  neceflitated  to  pro- 
nounce, that  fpirit  of  wine  difiblves  the  refins  by 
attracting  the  air  which  they  contain;  which,  ac- 
cording to  Mr.  Crans,  would  throw  them  into  a 
labyrinth  of  difficulties,  if  not  of  abfurdities. 

Besides,  adds  Mr.  Crans,  if  it  were  the 
abfence  of  air  which  conflitutes  caufticity,  it 
would  follow,  that  all  the  neutral  falts  muft  be 
cauftic,  as  the  air  has  been  expelled  in  their 
combination,  by  the  erTervefcence ;  we,  however, 
find,  that  they  are  more  mild,  than  either  of  the 
ingredients,  of  which  they  are  compofed,  was  m 
its  feparate  ftate. 

Mr.  Crans  then  proceeds  to  the  diffolution 

both 
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both  of  lime-ftone  and  chalk  in  acids.  He  ob- 
ferves,  that  we  may  have  an  effervefcence  or  not3 
in  thefe  operations,  as  we  pleafe.  The  effervef- 
cence  is  very  brifk  if  we  employ  an  acid  mode- 
rately concentrated;  and  there  is  none,  if  the 
fame  acid  be  diluted  in  a  great  quantity  of  water. 
However,  fays  Mr.  Crans,  if  fixed  air  be  one  of 
the  conftituent  principles  of  calcareous  earths 
and  ftones,  why  does  it  not  difengage  itfelf  un- 
der the  laft  circumftance  ?  And  if  it  be  difen- 
gaged,  what  becomes  of  it,  fince  it  does  not  an- 
nounce its  feparation  by  an  effervefcence  ? 

Mr.  Crans  fhews  afterwards,  that  we  may 
obtain  a  brifk  effervefcence,  by  mixing  together 
the  cauflic  lixivium  and  an  acid ;  although,  ac- 
cording to  Meffrs.  Black  and  Jacquin,  it  con- 
tains no  air.  His  method  is  to  pour,  gently, 
fome  cauflic  lixivium  into  a  folution  of  calcareous 
earth,  the  alkali  trickles  down  the  fides  of  the 
bottle,  and  reaches  the  bottom :  if  we  after- 
wards agitate  the  two  liquors  fuddenly,  to  mi& 
them  together,  a  brijfe  effervefcence  enfues,  and 
the  precipitation  is  formed  in  an  inftant* 

G  2  Messrs. 
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Messrs.  Black  and  Jacquin  had  declared  that 
quick  lime  might  be  made,  in  the  humid  way, 
by  precipitating  calcareous  earth,    diflblved  in 
the  nitrous  acid,  by   means  of  a  cauftic  alkali ; 
in  fact,  according  to  their  doctrine,  the  calcare- 
ous earth  not  meeting,  in  the  procefs,  with  any 
fubftance  which  can  fupply  it  with  air,  muft  re- 
main in  the  (late  of  quick  lime.     Mr.  Crans  de- 
nies thefe  experiments,   and  oppofes  them  with 
fome  of  a  contrary  kind  :   he  tells  us,  that,   in 
whatever  way  he  operated,  the  calcareous  earth 
precipitated  from  a  folution  of  it  in  the  nitrous 
acid,  whether  he  employed  a  mild  or  a  cauftic 
fixed  alkali,  afforded  no  difference;  that  in  every 
cafe  it  effervefced  with  acids,    and  was  but  a 
common  calcareous  earth,  except  that  it  had  fome 
degree  of  folubility  in  water,  and  turned  fyrup 
of  violets  green.     He  tried  to  diffolve  lime  itfelf 
in  the  nitrous  acid,  and  to  precipitate  it  with  the 
cauftic  alkali ;  and,  notwithstanding  Dr.  Black 
declares,  that  there  is  nothing  in  this  combina* 
tion  which  can  fupply  the  lime  with  air,  he,  ne- 
verthelefs,    obtained    a    r*ue   calcareous   earth, 
which  effervefced  with  acids. 

Another. 
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Another  kind  of  proof,  of  which  Dr.  Black 
and  his  followers  avail  themfelves,  is  the  preci- 
pitation of  lime-water  by  air  feparated  either 
from  an  effervefcing  or  fermenting  mixture  -,  but 
Mr.  Crans  pretends,  that  there  is  no  abfolute 
proof  that  the  precipitation  is  made  by  the  air ; 
that  there  are  other  caufes  which  may  produce 
fimilar  effe&s,  and  fuppofing  the  air  to  ad  in 
no  other  manner  on  the  water  than  to  render  it 
more  rare,  that  circumftance  alone  would  be 
fufficient  to  caufe  the  precipitation.  Befides, 
adds  Mr.  Crans,  how  can  we  conceive  that  the 
air,  which  in  the  aerial  waters  is  the  folvent  of 
iron,  fhould  here  have  a  quite  contrary  property, 
of  rendering  the  lime  infoluble  in  water*. 

Mr.  Crans  then  takes  notice  of  the  argu- 
ments which  the  partifans  of  fixed  air  draw  from 
the  lofs  of  weight  which  calcareous  earth  fufFers 
when  difTolved  in  acids.  Dr.  Black  and  Mr. 
Jacquin  have  advanced  that  when  lime-ftone  was 
difTolved  in  an  acid,  a  diminution  of  weight  was 
G  3  perceived 

*  Mr.  Crans  might  add  that  the  aerial  waters  even 
difiblve  calcareous  earth, 
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perceived  equal  to  what  would  have  taken  place 
if  the  fame  (lone  had  been  reduced  to  lime  by 
calcination  \  that  in  both  cafes  the  fixed  air  con- 
tained in  the  lime-ftone  efcaped,  in  the  firft  cafe 
by  the  efFervefcence,  and  in  the  fecohd  becaufe 
it  was  driven  off  by  the  force  of  the  fire. 

Mr.  Crans  oppofes  again,  here,  experiment 
to  experiment ;  he  difTolved  feveral  kinds  of  cal- 
careous (tones  in  the  nitrous  acid ;  he  alfo  made 
a  folution  of  lime,  keeping  an  exact  account  of 
the  weights  of  the  acid  and  of  the  earths  to  be 
difTolved  in  it.  He  commonly  obferved,  in 
thefe  proceffes,  that  there  was  a  fufficiently  re- 
markable diminution  of  weight,  but  without  any 
rule  \  fometimes  the  lime  appeared  more  dimi- 
nifhed  than  the  calcareous  earth  ;  at  other  times 
the  calcareous  earth  appeared  to  receive  fome 
augmentation  of  weight  in  its  diflblution.  All 
thefe  refults  are  direftly  contrary  to  Dr.  Black's 
doctrine.  But  it  may  be  objected  againft  Mr. 
Crans,  that  he  made  ufe  of  vefTels  which  were 
too  mallow  in  thefe  lad  experiments,  and  more 
efpecially  that  he  operated  on  fuch  fmall  quan- 
tiiiesj  that  an  error  in  the  fcales  might  occafion 

the 
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the  greater  part  of  the  inequalities  which  he  has 
remarked. 


After  fome  other  objections,  which  I  fhali 
omit  to  relate,  Mr.  Crans  proceeded  to  the  de- 
composition of  fal  ammoniac  by  lime.  He  firft 
obferves,  that  if,  according  to  Dr.  Black's  hy> 
pothefis,  the  fire  drives  from  the  lime-ftone, 
during  its  calcination,  the  fixed  air  with  which 
k  was  faturated,  it  is  impoffible  for  the  lime,  im 
the  decompofition  of  the  far  ammoniac,  which  is 
made  in  a  retort  and  in  a  confiderable  degree  of 
heat,  to  attract  to  itfelf  the  air  of  the  volatile 
alkali,  and  he  pretends,  that  fo  far  ihould  the 
lime  be  from  abforbing  it  under  fuch  circa m- 
ftances,  that  it  mould  rather  undergo  a  new  cal- 
cination, and  lofe  that  which  might  ftill  adhere 
£0  it ;  but  admitting  alfo  Dr.  Black's  hypothefis* 
the  lime,  fays  Mr.  Crans,  ought  to  ceafe  to  be 
lime  after  the  operation  •,  he  alTures  in)  however, 
that  the  refiduum  after  the  decompofition  of  fal 
ammoniac  by  lime,  uniformly  afforded  him  a 
calcareous  earth  in  the  (late  of  lime,  and  confe- 
quently  deprived  of  its  air;  from  whence  he 
concludes  that  it  has  not  attra&ed  the  air  which 
G  4  was 
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was  contained  in  the  volatile  alkali,  and  there- 
fore it  is  not  the  abfence  of  air  which  caufes  its 
caufticity.  Laftly,  he  aiTerts  that  fal  ammoniac 
contains  much  air  y  that  this  air,  according  to 
Dr.  Black,  mould  ferve  to  faturate  the  lime* 
and  therefore  it  mufl:  be  incapable  of  any  further 
action  on  the  volatile  alkali* 

Mr.  Crans  adds  to  thefe  experiments,  that 
if  the  action  of  cauftics  really  depends  on  their 
abforption  of  air,  animals  ought  to  be  cauterifed 
whenever  they  are  placed  in  an  air  pump  •,  an 
infant  ought  to  cauterife  its  mother's  nipples,  &c. 
as  in  each  of  thefe  cafes  there  is  a  privation  of 
air* 

Mr.  Crans  goes  on  to  relate  a  numerous 
train  of  experiments  made  with  Dr.  Macbride's 
apparatus  i  the  reader  may  recoiled  that  it  con- 
fifts  of  two  bottles  which  have  a  communication 
by  means  of  a  glafs  fyphon ;  into  the  one  we 
jput  either  fome  fubftance  capable  of  fermenta- 
tion, or  a  mixture  of  an  effervefcent  kind ;  in 
the  other  is  to  be  placed  the  liquor  or  whatever 
matter  is  to  be  expofed  to  the  action  of  the  fix- 
ed 
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ed  air  which  is  feparated.  Mr.  Crans,  fuo 
ceffively  raifed  an  effervefcence,  with  the  vitri- 
olic and  with  the  nitrous  acid  and  fixed  alkali, 
in  one  of  thefe  bottles,  and  he  procured  from 
lime-water,  placed  in  the  other^  a  precipitation, 
fuch  as  Dr.  Black  and  Mr.  Jacquin  mention. 
He  produced  the  fame  effect  with  air  which  had 
ferved  the  purpofes  of  refpiration. 

Mr.  Crans  fubmitted,  to  the  fame  appara- 
tus, thecauftic  Lixivium,  made  after  Mr.  Meyer's 
method  v  the, air  detached  from  an  effervefcing 
mixture  precipitated  from  it  a  white  fediment 
which  collected  at  the  bottom  of  the  bottle  •,  the 
liquor  alfo  acquired,  after  a  certain  time,  the 
property  of  effervefcing  with  acids,  but  he  has 
alfo  obferved,  that  when  expofed  to  the  o* 
pen  air,  it  recovered  that  property  nearly  as 
foon  :  that  it  alfo  recovered  it  much  more  fpee- 
dily,  if  it  were  placed  over  a  moderate  fire;  and 
that  it  was  at  the  inftant  when  the  fumes  began 
to  arife  that  it  regained  the  property  of  effer- 
vefcing -,  hence  Mr.  Crans  concluded  that  it  ac- 
quires this  property  only  in  proportion  as  the 

ea^uftic 
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cauftic  principle  or  acidum  pingue,  to  which  ifc 
was  united,  evaporates. 

Mr.  Crans  obferved  the  fame  thing  in  refpect 
to  the  cauftic  volatile  alkali  detached  from  fal 
ammoniac.  He  placed  one  portion  of  it  in  a 
ftove,  another  on  hot  cinders,  and  he  fubmitted 
the  third  to  Dr.  Macbride's  apparatus.  At  the 
end  of  eight  hours,  all  the  three  effervefced  y 
becaufe,  fays  Mr.  Crans,  of  the  evaporation  of 
the  acidum  pingue :  Dr.  Macbrides's  apparatus 
therefore,  according  to  him,  operated  only  in 
thefe  experiments,  in  a  manner  which  might  very 
naturally  have  been  effected  in  the  open  air. 

Mr.  Crans  has  extended  his  inquiries  further, 
and  has  made  a  great  number  of  experiments  in 
the  fame  apparatus,  keeping  the  veffels  clofe,  and 
obferving  the  weight  of  the  matters  employed 
both  before  and  after  the  operations.  He  had 
always  a  considerable  lofs  of  weight  in  the  bottle 
which  contained  the  mixture  defigned  for  effer- 
yefcence-,  he  always  obtained,  on  the  contrary, 
an  augmentation  of  weight,  of  fome  grains,  in 
the  pther  bottle, 

Mr, 
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Mr-  Meyer's  cauftic  lixivium,  fubmitted  to 
this  trial,  acquired  an  augmentation  in  weight  of 
ten  grains. 

A  Solution  of  fait  c>f  tartar  obtained  five 
graips. 

Spirit  of  hartfhorn  acquired  nearly  twenty- 
two  grains. 

Common  fpirit  of  fal  ammoniac,  three  grains. 

The  cauftic  volatile  alkali,  twenty  grains. 

Mr.  Crans  repeated  the  fame  experiments, 
leaving  the  recipient  bottle  open,  whereas  in  the 
former  experiments  it  had  been  accurately  luted. 

The  fait  of  tartar  thus  expofed  received  an 
augmentation  of  five  grains  in  weight,  and  3 
fmall  quantity  of  the  fait  concreted  at  the  bottom, 
of  the  veflel. 

Mr.  Meyer's  cauftic  lixivium,  on  the  con- 
trary^ 
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trary,  loft  two  grains  in  three  hours,  and  depo- 
sited a  fediment. 

The  liquor,  afterwards,  and  the  fediment  at 
the  bottom,  effervefced  with  acids. 

The  common  volatile  alkali  loft  fomething  of 
its  weight. 

The  cauftic  volatile  alkali,  on  the  other  hand, 
acquired  fome  grains,  it  was  no  longer  cauftic, 
but  quite  mild,  and  effervefced. 

These  augmentations  in  the  weights,  obferv- 
ed  in  moil  of  the  experiments  made  with  the 
cauftic  alkalis,  and,  in  general,  almoft  all  the 
experiments  made  in  Dr.  Macbride's  apparatus, 
feem  to  furniih  very  ftrong  arguments  in  favour 
of  Dr.  Black's  opinion.  Mr.  Crans,  however, 
is  not  at  all  embarafled  in  forming  an  anfwer : 
he  agrees,  readily,  that  the  fixed  air  combines 
with  the  liquors  placed  in  the  receiving  bottle, 
and  that  to  this  caufe  is  owing  the  augmentation 
of  weight  which  they  receive ;  but  he  adds,  that 
thefe  liquors  are  impregnated  in  the  fame  man- 
ner 
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ner  as  common  water  •,  he  denies,  that  there  is  a 
real  combination,  or  that  to  fuch  a  combination 
is  owing  the  rendering  mild  the  cauftic  falts,  and 
he  per  fids  in  the  belief,  that  fuch  changes  de- 
pend on  the  evaporation  of  the  caufticr  or  acidum 
pngtfe,  which  neutralized  the  alkali. 

Such  are  moft  of  the  principal  arguments, 
which  Mr.  Crans's  work  contains,  againfl:  Dr. 
Black's  doctrine.  I  have  ufed  my  utmoft  endea- 
vours to  deliver  them  with  all  their  force.  It 
had,  perhaps,  been  defirable,  that  the  author  had 
brought  them  into  lefs  compafs ;  that  he  had 
made  a  feleftion  of  his  experiments  ;  and,  efpe- 
cially,  that  he  had  not  entered  into  perfonalities 
againfl:  Mr.  Jacquin,  which  are  entirely  foreign 
to  his  fubjecl;. 


CHAP- 
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CHAPTER     XIV. 

THE  OPINION  of   Mr.  DE  SMETH  of 
the    ELASTIC   VAPOURS  which    are 

SEPARATED    FROM     BODIES,      AND     OF    THE 

PHENOMENA  of  LIME,  and  the  CAUS- 
TIC ALKALIS. 

WHILE  Mr.  Crans  attacked  Dr.  Black's 
dodtrine  of  fixed  air  in  the  calcareous 
earths  and  in  alkalis  ^  while  he  fhook  the  foun- 
dations on  which  this  do&rine  was  eftabliflied, 
two  learned  gentlemen,  Mr.  de  Smeth  at  U- 
trecht,  and  Dr.  Prieftley  at  London,  were  each 
employed  on  their  parts  in  throwing  light  on 
this  matter  by  new  experiments.  They  pub- 
limed,  nearly  at  the  fame  time,  two  diflertations, 
replete  with  interefting  fads  and  important  dis- 
coveries. Although  Dr.  Prieftley's  experiments, 
having  been  read  at  the  meetings  of  the  Royal 
Society  of  London,    fome  months  before  the 

publica- 
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publication  of  Mr.  de  Smeth's  work,  have  ac- 
quired, thereby,  a  confiderable  priority  of  date, 
yet  as  Dr.  Prieftley  has  further  exceeded  the 
bounds  of  our  knowledge  on  this  fubjcft,  and 
as  it  is  to  him  we  owe  fome  fa&s  which  feem  to 
difcover  a  new  order  of  things*  the  natural  ar- 
rangement of  ideas  obliges  me  firft  to  give  an 
account  of  Mr.  de  Smeth's  experiments,  and  I 
mall  terminate  this  hiftorical  effay  with  thofe  of 
Dr.  Prieftley. 

Mr.  de  Smeth's  difTertation  is  written  in  La- 
tin, and  in  form  of  a  thefts ;  he  printed  it  at 
Utrecht  in  the  Month  of  October  1772,  under 
the  title  of  a  difTertation  on  fixed  air.  Small 
4to.   1 01.  pages. 

Mr.  de  Smeth,  firft  afferts,  that  we  have 
no  knowledge  of  the  common  air  which  compo- 
ses our  atmofphere,  except  by  fome  phyfical 
efFe&s ;  but  that  we  have  no  idea  of  its  nature, 
compofition,  and  chemical  combination;  from 
whence  he  concludes  that  it  is  contrary  to  the 
principle  of  found  philofophy,  to  affirm  that 
any    fubftance    is    air,    becaufe  jt   affords  us 

one 
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one  or  two  properties  which  it  may  pofTefs  in 
common  with  air;  that  all  thofe  who  have  fpo- 
ken  of  the  elaftic  vapours,  feparated  from 
bodies  whether  by  fermentation,  by  fire,  or  by 
the  effervefcence  produced  by  the  mixture  of 
acid  with  alkaline  fubftances,  have  fallen  into 
this  error,  that  they  have  Only  considered  the 
fubtlety,  the  elafticity,  the  fpecirk  gravity  of 
thefe  vapours ;  but  they  feem  to  have  forgotton 
and  difregarded  many  other  properties  which  are 
not  lefs  effential  to  air  •,  that  by  this  method  of 
philofophifing,  water  reduced  into  vapours, 
ought  alfo  be  denominated  air,  that  we  mould 
give  the  fame  name  to  the  elaftic  fluid,  and  to 
an  infinite  number  of  incoercible  vapours  which 
have  no  property  of  air  but  its  elafticity  and  it;s 
fubtlety;  in  fine,  Mr.  de  Smeth  goes  fo  far  as 
to  fay  that  elafticity  is  a  very  equivocal  charac- 
teriftic  of  air  •,  that  we  may  fay  the  fame  of  each 
particular  property  of  it  with  which  we  are  acr 
quainted,  and  he  undertakes  to  prove  this  in  the. 
courfe  of  his  work. 

After  having  fhewn  by  experiments,  already 
known,  that  air  is  a  true  folvent,  in  the  chemi- 
cal 
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eal  acceptation  of  that  term ;  that  it  difiblves 
water  and  vapours,  in  the  fame  manner  that 
water  diffolves  falts,  and  that  it  keeps  thefe  bo- 
dies fufpended,  contrary  to  the  laws  of  hydrof* 
tatics,  Mr.  de  Smeth  proceeds  to  fome  experi- 
ments on  the  effect  of  air  on  fome  bodies,  which 
if  they  be  not  entirely  new,  are  at  leaft  but  little 
known* 

Mr.  Szathmar  had  demonftrated  in  177 1,  in 
a  differtation  on  Homberg's  pirophorus,  or  phof* 
phorus,  that  this  fubftance  increafed  fenfibly  in 
weight  even  during  the  time  in  which  it  fumed* 
grew  hot,  and  took  fire ;  Mr.  de  Smeth  has 
examined  the  circumftances  of  this  phenomenon^ 
in  conjunction  with  Mr.  Hann,  ProfefTor  in 
Medicine,  in  the  Univerfity  of  Utrecht,  and  the 
following  is  the  refult  of  their  experiments. 

On  the  22d.  of  November  1771*  Mr.  Hann 
placed  272  grains  of  pirophorus  in  an  exad  and 
fenfible  balance  j  the  pirophorus  took  fire  imme- 
diately 5  and  in  half  an  hour,  its  weight  received 
an  increafe  of  twenty  grains  •,  the  next  day  it; 
was  increafed  to  twenty-one  grains  %  feven  days 

H  after 
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after  it  had  acquired  fifteen  grains  more,  and 
the  whole  augmentation  was  then  nearly  a  fifth, 
after  which  it  had  no  fenfible  increafe  ex- 
cept what  depended  on  the  variations  in  the  cold, 
heat,  and  moifture  of  the  atmofphere. 

Two  hundred  grains  of  pirophorus  which  had 
been  kept  a  long  time,  and  which  had  loft  the 
power  of  fpontaneous  inflammability,  having 
been  fubmitted  to  this  trial,  at  the  end  of  three 
days,  had  augmented  one-tenth  of  its  weight : 
Mr.  Smeth  obferves  that  the  augmentation  was 
not  greater  in  this  experiment,  becaufe  not  hav- 
ing been  inflamed,  it  had  undergone  lefs  heat, 
and  confequently  fewer  of  its  parts  had  been 
difiipated  and  reduced  to  vapour. 

These  obfervations  on  the  increafe  in  the 
weight  of  the  pirophorus,  led  Mr.  de  Smeth 
to  that  which  takes  place  in  quick  lime :  twelve 
ounces  of  this  fubftance  expofed  to  the  air  in  a 
balance,  augmented,  almoft  vifibly,  in  weight, 
during  the  firft  month :  after  this  period,  its  at- 
tractive power  diminifhed  infenfibly,  and  at  the 
end  of  a  year  or  thirteen  months,  it  was  abfo- 

lutely 
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lutely  loft.  The  lime,  in  this  time,  had  ac- 
quired an  augmentation  in  weight  of  four  ounces, 
three  drachms  and  forty  grains,  was  reduced  to 
a  fine  powder,  and  no  longer  feparated  the  vo- 
latile alkali  from  fal  ammoniac,  but  in  a  concrete 
form. 

The  whole  weight  then  of  this  lime,  after  a 
fpaee  of  three  months,  was  fixteen  ounces,  three 
drachms  and  forty  grains ;  Mr.  de  Smeth  then 
weighed  feparately  twelve  ounces,  three  drachms 
and  forty  grains.  After  which  he  made  the  fol- 
lowing calculation  *  if  fixteen  ounces,  three 
drachms  and  forty  grains  of  lime  flaked  by  the 
air,  contain  four  ounces,  three  drachms,  forty 
grains  of  matter  drawn  from  the  atmofphere, 
how  much  mould  twelve  ounces,  three  drachms 
and  forty  grains  contain  ?  He  found  that  the 
quantity  mould  be  three  ounces,  two  drachms, 
fifty  four  grains  and  half.  It  was  natural  to  be- 
lieve that  this  matter  thus  attracted  from  the  at- 
mofphere  would  eafily  be  diflipated  by  fire  5  to 
afiure  himfelf  of  this,  he  put  thefe  twelve  ounces^ 
three  drachms  and  forty  grains  of  lime  into  an  earth- 
en retort,  fuch  as  is  commonly  made  ufe  of  for  the 
H  2  diftillation 
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diftillation  of  phofphorus,=  and  he  expofed  it  to 
a  very  ftrong  fire  during  two  hours :  during  the 
operation,  there  paired  over  into  the  receiver, 
one  ounce,  four  drachms,  forty  grains  of  pure 
phlegm,  in  which  not  the  leaft  veftige  of  any 
faline  matter  could  be  difcovered,  by  any  kind 
of  trial.  However  clofely  Mr.  Smeth  attended, 
he  could  not  perceive,  during  the  whole  time  of 
the  procefs,  any  ieparation  of  elaftic  matter ; 
but  as  after  the  fire  was  extinguifhed  the  retort 
was  found  to  be  cracked,  no  certain  inference  is 
to  be  drawn  from  this  experiment.  The  lime, 
when  taken  out  of  the  retort,  weighed  ten  ounces, 
live  drachms  ^  which  added  to  one  ounce,  four 
drachms,  forty  grains  of  phlegm,  amounts  in 
the  whole  to  twelve  ounces,  one  drachm,  forty 
grains  \  whence  it  follows  that  the  lofs  of  weight 
during  the  calcination  was  only  two  drachms. 
It  is  evident  then  that  if  there  had  been  a  detach-* 
ment  of  air,  during  the  diftillation,  it  was  by  no 
means  fo  confiderable  as  it  mould  have  been  ac- 
cording to  Dr.  Black's  fyftem  •,  for  we  may  re- 
collect,  in  fact,  that,  from  his  account,  it  mould 
be  nearly  One  half  of  the  weight  of  the  calcareous 
earth  employed.  Mr.  de  Smeth  affures  us,  fur- 
ther, 
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ther,  that  the  refiduum  in  the  retort  was  a  true 
quick  lime. 

This  experiment  gave  Mr.  de  Smeth  room  to 
remark  that  lime  flaked  in  the  open  air  and  af- 
terwards calcined  in  clofe  veffels,  does  not  lofe 
again  the  whole  which  it  had  attracted  from  the 
atmofphere.  It  has  been  feen,  in  fact,  that  the 
flaked  lime  contained,  before  it  was  fubmitted. 
to  diftillation,  three  ounces,  two  drachms,  fifty- 
four  grains  and  a  half  of  matter  attracted  from 
the  atmofphere  •,  it  loft,  by  diftillation,  no  more 
than  one  ounce,  feven  drachms,  forty  grains  j 
there  remained  then  one  ounce,  three  drachms^ 
fourteen  grains  which  the  degree  of  fire  employed 
was  not  able  to  feparate.  Mr.  Duhamel  had 
obferved  the  fame  thing  in  a  Memoir  on  Lime^ 
read  before  the  Academy  of  Sciences  in  17479 
and  which  may  be  found  among  the  papers  of 
that  year;  I  fhall  prefently  give  an  account  of 
his  experiments ;  I  have  only  deferred  it  hither- 
to, that  the  thread  of  the  hiftory  of  fixed  air 
might  meet  with  no  interruption. 

This  lingular  circumftance  engaged  Mr.  de 
H  3  Smeth 


102    HISTORICAL  ACCOUNT  OF 

Smeth  to  repeat  this  experiment  in  open  VefTels  % 
for  this  purpofe,  he  placed  in  a  crucible  the  re-^ 
maining  four  ounces  of  the  fame  lime  which  had 
been  flaked  by  the  air.  It  ought  to  have  con- 
tainedi  according  to  the  above  proportions,  eight 
drachms,  forty-feven  grains  of  matter  attracted 
from  the  atmofphere :  however,  the  lime  having 
been  urged  by  a  very  ftrong  fire,  in  a  wind  fur- 
nace, loft  no  more  than  feven  drachms,  thirty^- 
fix  grains  %  and*  therefore,  had  retained  one 
drachm,  eleven  grains  of  the  matter  which  had 
been  attracted.  The  fame  lime,  being  again  ex- 
pofed  to  the  ain>  regained  an  increafe  of  weighty 
of  four  drachms,  twenty-eight  grains. 

Mr.  de  Smeth  concludes  from  thefe  experi- 
ments: i  ft,  That  lime  attracts*  from  the  atmof- 
phere, a  fubftance  which  it  is  impofllble  to  de^ 
prive  it  of  again.  2dly*  That  the  principal  in- 
creafe in  weight  which  it  acquires  by  expofure  to 
the  air,  is  owing  to  the  water  only,  and  that  the 
air  does  not  fenfibly  contribute  to  this  increafe 
by  the  combination  of  its  proper  fubftance.  He 
thinks,  with  Mr.  Szathmar,  that  it  is  the  fame 
cafe  with  regard  to  the  augmentation  of  weight 

in 
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in  the  pirophorus,  and  that  this  is  equally  owing 
to  humidity  alone.  It  is  obvious,  that  thefe  af- 
fertions  are  dire&ly  contrary  to  thofe  of  Doctor 
Black  and  his  difciples. 

After  fome  reflections  on  the  manner  in  which 
air  exifts  in  water,  and  on  the  caufe  of  ebullition 
in  the  latter,  Mr.  de  Smeth  undertakes  to  prove, 
that  if  the  cauftic  alkalis  do  not  effervefce  with 
acids,  it  is  probably  not  to  the  deficiency  of  air, 
or  elaftic  matter,  that  we  fliould  attribute  this 
phenomenon ;  and  the  following  is  his  manner 
of  reafoning : 

"  Dr.  Black,  and  the  partifans  of  fixed  air, 
"  fuppofe,  that  cauftic  alkalis  no  longer  effer- 
"  vefce  with  acids,  becaufe  the  lime,  which  has 
"  a  ftrong  affinity  with  fixed  air,  has  deprived 
"  them  of  that  which  they  contained.     If  this 

principle  were  true,  two  things  muft  neceflari- 
"  ly  follow:  ift,  That  the  cauftic  alkalis  ought  to 
"  be  entirely  free  from  the  matter  proper  for 
"  efFervefcence  or  ebullition.  2dly,  That  on  re- 
"  ftoring  to  them  a  fufficient  quantity  of  air, 

they  ought  inftantly  to  recover  their  property 
H  4  "  of 
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**  of  effervefcing ;  but  experience,  adds  Mr.  de 
?£  Smeth,  demon  (hates,  that  both  thefe  confe- 
*c  quences  of  Dr.  Black's  theory  are  equally 
*'  falfe."  And  this  is  what  he  undertakes  to 
prove  by  the  following  experiments : 

EXPERIMENT    I. 

He  placed  fome  volatile  fpirit  of  fal  ammoniac, 
prepared  with  lime,  under  the  receiver  of  an  air 
pump.  To  the  apparatus  was  affixed  an  accu- 
rate barometer,  conftru&ed  in  fuch  a  manner, 
that  the  mercury  rofe,  at  each  ftroke  of  the 
pifton,  inftead  of  falling  as  in  the  air  pumps  ufed 
in  France  -,  as  foon  as  the  mercury  had  rifen  to 
twenty-five  inches,  the  volatile  fpirit  began  to 
boil  brifkly. 


EXPERIMENT    II. 

Having  repeated  the  fame  experiment  with 
the  common  volatile  alkali  drawn  from  fal  am* 

moniac 
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moniac  with  fixed  alkali,  and  having  made  a 
much  more  perfect  vacuum,  only  a  few  bubbles 
appeared,  which  were  fcarcely  perceptible. 


;  EX  PERIME  NT    III. 

Some  foap-ley  was  placed  under  the  fame  re- 
ceiver. As  foon  as  the  mercury  arrived  at  nine- 
teen inches  it  began  to  yeild  fome  bubbles :  thefe 
bubbles  infenfibly  acquired  the  appearance  of 
pearls ;  they  did  not,  however,  burft  at  the  fur- 
face,  but  when  the  mercury  was  rifen  to  the 
height  of  28  i  inches,  they  became  much  larger, 
and  arrived  at  the  furface,  but  without  lifting  it 
up:  there  were  many  which  remainedattached 
to  the  interior  fides  of  the  veffel. 

EXPERIMENT    IV, 

The  common  alkalis,  how  long  foever  they 
were  kept  in  the  vacuum,  did  not  fuffer  the  leafl 
bubble  of  air  to  efcape,  unlefs  they  had  been 
ftrongly  heated. 

Ma. 
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Mr.  de  Smeth  concludes  from  thefe  experi* 
merits,  that  the  cauftic  alkalis  are  more  difpofed 
to  ebullition  than  the  common  alkalis ;  but  it  is 
very  apparent,  that  he  fuppofes  the  property  of 
effervefcence  to  depend  on  the  fame  principle 
which  occafions  liquors  to  boil,  which  is  not 
proved :  I  fhall  have  occafion  to  recur  fome  time 
to  this  article. 

-  Mr,  de  Smeth  endeavours  to  prove,  next, 
that  the  introduction  of  air  into  cauftic  alkalis* 
does  not  reftore  to  them  the  property  of  effer- 
vefcing  with  acids.  To  prove  this,  he  procured 
two  bent  tubes  of  glafs  to  be  foldered  to  the  large 
bulb  of  a  thermometer  ;  he  filled  the  bulb  with 
volatile  cauftic  alkali,  and  he  blew  through  one 
of  the  tubes  in  fuch  a  manner  as  to  make  the  air 
bubble  into  the  liquor;  but  although  he  con- 
tinued this  trial  a  long  time,  the  alkali  had  not 
acquired  the  property  of  efFervefcing. 

He  tried  to  keep  the  fixed  and  volatile  cauftic 
alkalis  in  the  machine  for  condenfing  air,  de- 

fcribed 
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jfcribed  in  Gravefande's  philofophy,    and  he  did 
not  obferve  that  they  underwent  any  change*. 

Mr.  de  Smeth  concludes,  from  thefe  experi- 
ments, that  the  non-effervefcent  property  of  the 
cauftic  alkalis  proceeds  rather  from  a  fubftance 
added  to  theni,  than  from  any  thing  taken  from 
them;  unlefs,  adds  he,  that  the  lime  takes  one 
thing  from  them  and  gives  them  another,  which 
he  thinks  is  a  matter  difficult  to  decide  upon. 

Mr.  de  Smeth  has  alfo  repeated  moft  of  Dr. 
Macbride's  experiments,  on  the  efFecl:  which  the 
vapours  arifing  from  fermenting  or  efFervefcing 
fubftances  produce  on  lime  water  and  the  cau- 
ftic alkalis  ;  but  inftead  of  Dr.  Macbride's  appa- 
ratus he  fubftituted  a  fimple  glafs  cucurbit  to 
which  a  tubulated  head  was  adapted;  at  the 
bottom  of  the  cucurbit  he  placed  fome  chalk  or 
alkaline  faks ;  on  which  he  poured  through  the 
tube,  by  means  of  a  funnel,  fome  kind  of  acid, 

*  It  appears,  that  Mr,  de  Smeth  fuppofes  here,  that 
the  elaftic  fluid,  which  affords  the  power  of  eifervefcence 
to  the  fixed  and  volatile  alkalis,  is  the  fame  with  that  we 
breathe,  which  is  contrary  to  his  own  opinion,  as  we  mall 
prefently  fee. 

and 
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and  immediately  clofed  the  tube,  and  then  fat- 
tened to  the  extremity  of  the  beak  of  the  head 
a  phial  which  contained  the  lime  water,  cau (lie 
alkali  or  other  matter  which  he  chofe  to  expofe 
to  the  vapours  arifing  from  the  fermenting  or 
effervefcing  mixtures. 

THECauftic  volatile  alkali,  expofed  in  this  appa- 
ratus to  the  vapours  arifing  from  an  effervefcence 
occasioned  by  a  folution  of  fixed  alkali,  either  in 
the  vitriolic,  nitrous  or  marine  acid,  acquired  in 
all  the  three  cafes  the  property  of  effervefcing, 
and  recovered  a  concrete  form. 

Fixed  cauftic  alkali  became  effervefcent  in 
the  fame  apparatus,  but  did  not  cryftallize. 

The  acid  of  vinegar  combined  with  the  dif- 
ferent abforbent  earths  produced  the  fame  ef- 
fects. 

Quick-lime  being  fubftituted  to  calcareous 
earths,  its  combination  with  acids  did  not  ren- 
der the  cauftic  alkalis  effervefcent,  nor  capable 
pf  cryftallizing, 
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Mr.  de  Smeth  repeated  the  fame  experi- 
ments with  fugar  and  water  which  he  had  placed 
to  ferment  in  the  fame  cucurbit;  at  another 
time  he  made  ufe  of  rye  flower  diluted  with  a 
certain  quantity  of  water ;  the  vapour  which  fe- 
parated  while  the  fermentation  was  ftrong,  pro- 
duced precifely  the  fame  effects  as  that  fronvef- 
fervefcing  mixtures. 


Every  time  the  eauffiic  volatile  alkali  was 
fubmitted  to  this  trial,  there  always  formed  at  the 
top  of  the  bottle  which  contained  it,  concretions 
of  volatile  alkali  in  different  forms-,  and  refem- 
bling  vegetation.  One  might  fee  thefe  concre- 
tions appear  in  the  liquor ;  and  if  the  fermenta- 
tion were  brifk,  the  operation  was  finifhed,  and 
the  volatile  alkali  rendered  mild  in  two  or  three 
hours. 


Mr.  de  Smeth  has  further  obferved  that  in 
this  experiment,  a  fmall  cloud  always  arofe  from 
the  cauftic  volatile  alkali  which  directed  itfelf 
towards  the  beak  of  the  alembic  ->  that  at  the 
fame  time  an  inteftine  motion  was  obfervable  in 
the  liquor,  nearly  proportionable  to  the  thick- 

nefs 
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nefs  of  the  cloud,  and  which  feemed  directed 
upwards.  The  cryftals  of  volatile  alkali,  ob- 
tained in  thefe  different  operations,  dried  eafily 
on  filtering  paper,  and  their  penetrating  odour 
was  nearly  diflipated. 

When  the  fermentation  is  finifhed,  the  elaftic 
vapour  can  ftill  render  cauftic  alkalis  capable  of 
effervefcing,  but  it  has  no  longer  the  power  of 
making  them  cryftallize. 

Lime-water,  expofed  to  the  fame  trials,  be- 
came turbid,  and  the  lime,  which  it  contained, 
precipitated. 

Mr.  de  Smeth  fuffered  fiefh  to  putrefy  in  the 
fame  apparatus,  and  the  vapour  which  proceeded 
from  it  precipitated  lime,  and  reftored  to  the 
cauftic  alkalis  the  property  of  effervefcing  -y  only 
the  effects  were  produced  more  flowly.  As  to 
their  property  of  occafioning  the  falts  to  cryftak 
lize,  he  could  not  poilibly  form  any  judgment 
of  it,  becaufe  the  animal  fubftances  when  in  fier? 
mentation  threw  off  moift  vapours,  which  would 
have  diffolved  the  fait,  even  fuppofing  £hat  if 
had  been  difpofed  to  cryftallize. 

Ma, 
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Mr.  de  Smeth  propofes  to  prove,  in  the  next 
place,  that  the  elaftic  vapours,  which  arife  from 
either  fermenting  or  effervefcing  fubftances,  differ 
effentially  from  atmofpheric  air.  I  fhall  relate, 
in  few  words,  the  principal  diftinctions  which, 
according  to  him,  characterife  thefe  emanations. 

i ft,  The  vapour  from  effervefcing,  or  fer- 
menting bodies,  reftores  to  cauftic  alkalis  the 
property  of  effervefcing  with  acids,  and  enables 
volatile  alkalis  to  cryftallize;  but  atmofpheric 
air,  under  the  fame  circumftances,  does  not  pro- 
duce the  fame  effects. 

2dly,  Atmospheric  air  fupports,  nourifhes, 
and  excites  fire ;  it  is  even  fo  effential  to  the  for- 
mation of  flame,  that  the  latter  cannot  exift 
without  it :  on  the  contrary,  the  air  from  effer- 
vefcence,  or  fermentation,  is  hoftile  to  flame, 
and  immediately  extinguishes  it.  Mr.  de  Smeth 
was  allured  of  this  fact  by  a  great  number  of  ex- 
periments ;  befides,  it  is  well  known  to  all  thofe 
who  make  wine,  that  candles  are  inftantly  ex- 
tinguifhed  in  cellars  where  that  liquor  is  ferment- 
ing, if  there  be  not  a  fuflicient  renovation  of  air. 

3dly? 
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^dly,  Atmospheric  air  is  equally  necefifary 
to  the  fupport  of  animal  life ;  that  from  fermen- 
tation, on  the  contrary,  is  fo  noxious  to  animals, 
that,  like  a  fubtle  poifon,  it  is  fatal  to  thofe  who 
breathe  it  in  fufficient  abundance ;  and  it  is  from 
this  caufe,  that  frequent  accidents  happen  in  cel- 
lars, when  they  have  been  (hut  up  too  foon  after 
the  vintage;  alfo  that  care  is  taken  not  to  enter 
them  without  precaution,  and  even  not  without 
firft  putting  down  a  lighted  candle  into  them. 

The  air,  arifing  from  effervefcence,  is  not  lefs 
fatal  to  animals  than  that  from  fermentation ;  it 
differs,  however,  from  the  latter,  in  not  occa- 
fioning  intoxication,  and  in  not  communicating 
to  bodies  the  fame  vigour,  when  taken  in  fmali 
dofes. 

4thly,  The  air  of  the  atmofphere  rather  fa- 
vours than  refifts  putrefaction  •,  whereas,  the  va- 
pour from  fermenting  or  from  effervefcing  fub- 
ftances  is  a  powerful  antifeptic,  as  Boyle  firft 
obferved;  as  Mr.  Cotes  has  remarked  in  his 
lectures,  and  as  Dr.  Macbride  has  fin ce  con- 
firmed by  feveral  experiments. 

5thly9 
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5thly,  The  vapour  from  fermentation*  is9 
fometimes,  wonderfully  elaftic,  but  that  elaftici- 
ty  is  not  permanent.  At  firft  it  is  very  confide- 
rable^  it  afterwards  becomes  more  languid,  till  at 
laft  it  is  entirely  loft.  The  cafe  is  nearly  the  fame 
with  the  vapour  from  effcrvefcence.  Though 
the  occafion  of  v  thefe  differences  be  not  well 
known,  it  may  however  be  compared  to  the  cafe 
of  water,  which,  when  reduced  to  vapour,  is  ra* 
rifled  by  heat  to  a  great  degree,  and  affords  ap- 
pearances fimilar  to  thofe  of  air ;  but  v/hen  cool- 
ed and  condenfed,  is  reduced  to  a  fimple  drop 
of  water. 

6thly,  The  vapour  of  fermentation  is  much 
more  fubtle  than  common  air*,  it  paffes  through 
bodies  which  would  be  an  impenetrable  obftacle 
to  the  latter.  Mr.  de  Smeth  was  not  able  to  re- 
tain it  by  the  aid  of  lutes ;  a  moiftened  bladder, 
tied  over  the  mouth  of  a  veffel,  which  contained 
fome  fermenting  matter,  was  not  at  all  inflated 
during  the  height  of  the  fermentation  -,  although 
it  was  certain,  from  other  experiments,  that  a 
great  quantity  of  elaftic  fluid  was  difcharged. 

T.  From 
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From  all  thefe  experiments,  and  the  reflexions 
accompanying  them,  Mr.  de  Smeth  concludes, 
that  the  appellation  of  fixed  air  is  very  improper- 
ly given  to  the  vapours  arifing  from  fermenta- 
tion and  from  erTervefcence  •,  that  this  fubftance 
was  long  fince  known  to  Van  Belmont  by  the 
name  of  Gas,  to  Boyle  by  the  name  of  Factitious 
Air,  and  by  that  of  Mftus  to  the  ancients.  That 
it  is  this  which  was  meant  to  be  defcribed  by  the 
dangerous  air  of  Avernus,  by  the  peftiferous 
blah;  of  the  furies  ^  and  that  to  this  we  are  to 
afcribe  the  caufe  of  the  fatal  effects  .of  the  Grotto 
del  Cani,   and  fome  other  fubterraneous  places. 

Lastly,  Mr.  de  Smeth  concludes,  that  fixed 
air  or  gas  is  not  always  one  and  the  fame  fub- 
ftance, but,  on  the  contrary,  is  very  various, 
multiplied,  and  different  in  itfelf.  That  fo  far 
from  being  a  particular  element,  or  being  fimplt 
in  the  fenfe  which  chemifts  give  to  that  word, 
it  did  not  exift,  primitively,  in  the  bodies  from 
which  it  is  feparated,  but  that  it  is  a  miafma 
formed  by  the  attrition  confequent  upon  the  col- 
lifion  of  all  the  folid  and  fluid  parts ;  that  it  is, 
therefore,  never  produced  but  in  cafes  where  the 

bodies 
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bodies  fufter  violent  inteftine  motions,  and  tiu 
multuous  mocks,  when  their  parts,  ftriking 
againft  each  other,  are  altered,  broken,  attenu- 
ated, as  in  fermentation,  effervefcence,  com- 
bullion,  &c.  Mr.  de  Smeth  thinks,  that  it 
mould  therefore  be  diftinguifhed  into 

Gas  vinificationis, 

Gas  acetificationis, 

Gas  fepticnm, 

Gas  falinum  feu  effervefcentiarum, 

Gas  aquas  et  terras  feu  fubterraneum. 

He  afiigns,  however,  nothing  to  authorize 
thefe  distinctions,  befides  the  feveral  odours,  ex- 
cepting the  gas  vinificationis,  which  occasions 
particular  phenomena  in  the  animal  ceconomy. 

Mr.  de  Smeth,  afterwards,  briefly  examines 
into  the  opinion  of  thofe  who  efteem  fixed  air  to 
be  the  univerfal  bond  of  the  elements,  the  ce* 
ment  of  bodies.  It  may  be  eafily  apprehended, 
after  what  has  been  declared,  that  this  opinion 
is  not  adopted  by  him.  He  does  not  deny  that 
I  2  fixed 
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fixed  air  is  an  antifeptic,  but  yet,  according  to 
him,  it  does  not  follow  from  thence,  either  that 
fixedair  muft  originally  have  exifted  in  bodies  from 
"which  it  has  been  difengaged,  or  that  it  muft  have 
contributed  to  the  cohefion  of  their  parts,  or  their 
Hate  of  falubrity  -r  on  the  contrary,  he  obferves, 
that  this  antifeptic  virtue  is  not  particular  to  fix- 
ed air ;  but  that  all  the  products  of  fermenta- 
tion pofTefs  the  fame  property ;  that  tartar,  vine- 
gar, and  fpirit  of  wine,  are  equally  antifeptic 
with  fixed  air.  Laftly,  he  adds,  that  every  thing 
which  Dr.  Black's  difciples  advance,  with  refpeft 
to  fixed  air,  is  equally  applicable  to  fpirit  of* 
wine ;  and  that  we  may,  by  the  fame  arguments, 
maintain  that  it  is  the  cement  of  bodies  and  the 
bond  of  the  elements,  which  would,  notwith- 
(landing,   be  abfurd. 

Dr..  Macbride  had  advanced  a  new  argu- 
ment in  favour  of  fixed  air,  from  the  manner  in 
which  aftringents  aft :  their  antifeptic  virtue, 
according  to  his  account,  depends  on  the  pro- 
perty which  they  pofTefs  of  contracting  the  pores 
of  bodies,  when  putrefying,  and  by  that  means 
preventing  the  feparation  of  the  fixed  air  which 

is 
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is  ready  to  efcape.  Mr.  de  Smeth  refutes  this 
argument,  and  afferts,  that  we  know  too  little  of 
the  manner  in  which  aftringents  aft,  to  be  able 
to  form  the  lead  induction  from  thence  *. 

From  the  whole  of  this  work,  Mr.  de  Smeth 
concludes,  that  the  doclrine  of  fixed  air  is  erecl- 

ed 

*  The  following  experiments,  which  were  made  by 
the  tranilator,  induced  him  to  fuppofe,  that  the  fweet- 
ening  properties  of  fixed  air  may  pofftbly  depend  on  aa 
affinity  between  fixed  air  and  the  feptic  particles  arifing 
from  putrid  bodies,  and  that  this  air  may  act  as  & 
menjiruum  on  the  effluvia  emitted  by  it.  A  piece  of 
putrid  beef,  fattened,  by  a  firing,  to  a  cork,  was  con- ' 
fined  in  three  pints  of  fixed  air  for  thirteen  hours,  and 
was,  thereby,  confiderably,  though  not  entirely,  fweet- 
ened.  But  the  air  in  the  bottle  feemed  to  have  acquired  all 
the  putrid  fmell  of  'which  the  flejh  had  been  deprived.  So 
that  the  feptic  effluvium  did  not  appear  to  be  deftroyed, 
but  to  have  changed  place.  Slips  of  linen  cloth,  alfp, 
dipped  in  very  rancid  oil,  had  their  rancidity  much  di- 
minifhed  by  expofure  to  a  flream  of  fixed  air  from  an 
efFervefcent  mixture.  But  a  pint  bottle  of  the  fame  oil 
being  faturated  with  this  vapour,  was  not  at  ail  fweeten- 
ed,  though  it  abforbed  much  air.  Henry's  Expert* 
mtnts  and  Obfevvations,  page  1 27  and  feq.     T.  H. 

13 
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ed  upon  uncertain  and  weak  foundations  j  that 
from  the  manner  in  which  it  is  delivered  by  its 
favourers,  it  cannot  bear  a  ferious  examination  •, 
and  that  it  will  prove  to  be  the  mere  opinion  of 
a  moment. 

To  this  examination  of  Dr.  Black's  fyflem, 
Mr.  de  Smeth  adds  two  interefting  obiervations, 
on  the  air  of  the  wells  at  Utrecht/  and  on  that 
which  proceeds  from  burning  charcoal. 

The  wells  at  Utrecht  are  from  eight  to  twenty 
feet  in  depth ;  it  has  been  the  cuftom  to  make 
ufe  of  pumps  to  raife  the  water,  and  they  are 
then  covered  over  with  a  kind  of  arch.  When, 
after  a  certain  period  of  time,  the  wells  are  open- 
ed, on  any  account,  it  is  necefTary  to  leave  them 
uncovered  for  twelve  hours,  before  any  perfon 
defcend  into  them  ;  whoever  fhould  venture  to 
go  down  into  them  fooner,  would  expofe  himfelf 
to  immediate  death.  The  air  of  theie  wells  ex- 
tinguiihes  candles,  like  that  acquired  from  fer- 
mentation or  effervefcence  -,  it  precipitates,  alfo, 
the  lime  from  lime-water,  and  changes  it  to  a 
calcareous  earth  5  in  fhort,  it  has  all  the  proper- 
ties 
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ties  of  that  which  we  call  fixed  air ;  the  water, 
however,  from  thefe  wells,  is  not  the  lefs  falu- 
brious. 

Mr.  de  Smeth  has  alfo  proved,  that  the  air 
which  has  pafTed  through  burning  charcoal,  has 
much  the  fame  properties  as  fixed  air;  it  preci- 
pitates lime-water,  and  redores  the  property  of 
efFervefcing  with  acids  to  cauftic  alkalis.  He 
fnews  the  manner  of  combining;  this  air  with  dif- 
ferent  fubftances,  in  the  vacuum  of  an  air  pump; 
and  he  obferves,  that  when  the  volatile  cauftic 
alkali  is  employed,  at  the  inftant  the  air  from 
the  charcoal  enters  the  receiver,  a  very  confide- 
rable  aggregation  of  fmoke  is  obfervable,  arifing 
from  the  volatile  alkali. 

It  is  eafy  to  perceive,  from  the  account  which 
has  been  given  of  Mr.  de  Smeth's  work,  that  he 
has  endeavoured  to  embrace  an  intermediate  opi- 
nion between  thofe  of  Dr.  Black,  and  of  Mr. 
Meyer :  but  that  his  fyftem,  at  the  fame  time, 
does  not  always  agree  with  his  own  experiments. 
His  treatife,  otherwife,  is  clear,  methodical,  and 
well   written.      His  experiments    are   properly 

I  4  made, 
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made,  and,  in  general,  accurate  and  true.  I 
fpeak,  at  lead,  of  fuch  as  I  have  had  oecafion  to 
repeat  ;  and  thofe  are  the  greater  part  of  them. 


CHAPTER    XV. 
Dr.  PRIESTLEY'S  INQUIRIES  concerning 

DIFFERENT  KINDS  OF  AIR. 

NOTHING  now  remains  to  complete  the 
object  which  I  propofed  to  myfelf  in  this 
iirft  part,  but  to  give  an  account  of  a  numerous 
feries  of  experiments,  communicated  laft  year  to 
the  Royal  Society  of  London  by  Dr.  Prieftley  *. 
This  work  may  be  regarded  as  the  mod  elabo- 
rate, and  rnoft  interefting,  of  any  which  has  ap- 
peared 

f  These  experiments  of  Dr.  Prieftley,  were  publifhed 
In  Englifh  at  the  latter  end  of  the  year  1772.  I  had  al» 
ready  been,  fome  time,  employed  on  the  fame  fubje&? 
and  I  had  declared,  in  a  paper  depolited  with  tlie  Royal 
Academy  of  Sciences,  on  the  iirft  of  November  1772,  tha*  l 
a  very  great  quantity  of  air  was  feparated,  during  the  re- 
el u&ioiv  of  metals. 
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peared  fince  that  of  Dr.  Hales,  on  the  fixation 
and  reparation  of  Air.  No  modern  work  has 
feemed  to  me  more  adapted  to  evince  how  many 
new  roads  Philofophy  and  Chemiftry  ftill  point 
out  to  travel  over. 

Dr.  Priestley's  work,  being,  as  it  were,  a 
train  of  experiments,  not  much  interrupted  by 
any  reafoning,  an  aflemblage  of  fads,  moftly 
new,  whether  confidered  by  themfelves,  or  by 
the  circumftances  which  accompany  them,  it 
may  be  imagined  that  it  is  little  capable  of  a- 
bridgment ;  I  fhall  therefore  be  obliged  to  follow 
him,  ftep  by  ftep,  in  the  account  which  I  am 
going  to  give  of  his  experiments,  and  my  extract 
will  be  nearly  as  long  as  his  treatife. 

SECTION      I. 
Of    FIXED     AIR. 

Dr.  Priestley  firft  examines  that  which  is 
properly  called  Fixed  Air,  which  is  the  product 
pf  fpirituous  fermentation  or  of  fome  effervef- 

C'ence* 
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cencc.  The  breweries  afforded  him  a  plain  and 
eafy  method  of  obtaining  a  great  quantity  of  this 
air  in  an  almoft  perfect  Hate  of  purity  *.  There 
is  always  a  body  of  it,  nine  inches  in  depth, 
over  the  tubs  in  which  the  beer  is  fermented, 
and  as  there  is  a  conftant  frefh  fupply  from  the 
fermenting  liquor,  it  is  but  little  mixed,  for  that 
thicknefs,  with  the  neighbouring  air. 

This  air,  according  to  Dr.  Black's  experi- 
ments, is  heavier  than  atmofpheric  air,  and  it  is 
doubtlefs  for  this  reafon,  that  it  continues,  in  a 
manner,  attached  to  the  furface  of  the  beer  with-, 
out  feparating  from  it ;  it  is  alfo  on  account  of 
its  fnperior  gravity,  that  it  may  be  conveyed  from 
one  room  to  another  in  an  open  bottle,  provided 
the  mouth  of  the  bottle  be  kept  upwards ;  the 

fixed 


*  Dr.  Priestley  fpeaks  of  this  kind  of  air  as  fuffici- 
ently  pure  for  many  purpofes,  but,  from  its  continually 
mixing  with  common  air,  far  from  being  perfectly  pure. 
Mr.  Lavoifier  has,  in  fome  other  inftances,  exprefled 
himfelf  in  ftronger  terms  than  thofe  which  Dr.  Prieftley 
has  ufed,  and  fometimes  miflaken  his  meaning ;  I  have, 
in  thefe  cafes,  often  taken  the  liberty  of  reftoring  the 
Doctor's  expreffions,  inftead  of  tranflating  the  words  of  my 
author.    T.  H. 
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fixed  air,  for  feme  moments,  not  mixing  much 
with  that  of  the  atmofphere.  Though  this  fu- 
periority  of  weight  appear  to  be  well  eftablifhed 
by  thefe  experiments,  Dr.  Prieftley  relates  others, 
alio,  which  might  almoft  induce  us  to  change 
our  opinion.  He  informs  us  that  we  may  place  a 
lighted  candle  in  a  receiver  filled  with  atmofpheric 
air,  and  then  plunge  it,  with  its  mouth  upwards 
into  an  atmofphere  of  fixed  air,  and  yet  the  can- 
dle fhall  continue  to  burn.  The  fixed  air,  in 
this  experiment,  does  not,  then,  difplace  the 
atmofpheric  air,  and  confequently  is  not  heavier: 
if  on  the  contrary  the  mouth  of  the  jar,  inftead 
of  being  upwards,  be  turned  downwards,  and 
efpeciaily  if  a  narrow  necked  veffel  be  employed, 
the  two  kinds  of  air  will,  in  time,  be  perfectly 
mixed  *.  Suppofing  that  thefe  experiments  do 
not  prove  an  excefs  of  gravity  in  atmofpheric 
air  -,  we  may  at  lead  conclude  that  they  are  very 

nearly 

*  Mr.  Lavoisier  has  misinterpreted  this  pafTage;  Dr. 
Prieftley's  words  are,  "  A  candle  put  under  a  large  receiver, 
and  immediately  plunged  very  deep  below  the  furface  of 
the  fixed  air,  will  burn  fome  time.  But  veflels  with  the 
Jmallejl  orifices,  with  their  mouths  downwards  in  the  fixed  air, 
will,  in  time,  have  the  common  air,  which  they  contain,  per- 
fectly mixed  with  it."     T.  H. 
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nearly  equi-ponderant,  and  this  feems  to  have 
been  confirmed  by  Dr.  Hales's  experiments  on 
air  feparated  from  tartar,  and  thofe  of  Mr. 
Bucquet  on  that  produced  from  effervefcent 
mixtures. 

Dr.  Priestley  has  alfo  obferved  that  a  can- 
dle, charcoal,  and  a  piece  of  red-hot  wood  were 
extinguifhed,  as  foon  as  they  were  plunged  into 
the  atmofphere  of  fixed  air,  which  occupied  the 
furface  of  a  tub  of  fermenting  beer  :  but  it  is 
moft  worthy  of  remark  that  this  air  feems  to  re- 
tain the  fmoke^  which  floats  upon  the  furface  of 
it  without  feparation  -9  it  there  forms  a  bed  fmooth 
and  well  defined,  above,  but  ragged,  beneath, 
feveral  parts  hanging  down  to  a  confiderable 
diftance  within  the  body  of  the  flxed  air.  When 
this  fixed  air  is  very  ftrong,  the  fmolfe  of  a  fmall 
quantity  of  gun-powder  fired  in  it  will  be  wholly 
retained  by  it,  no  part  efcaping  into  the  com- 
mon air. 

Dr.  Priestley  has  alfo  obferved,  that  the 
fixed  air  from  fermenting  beer,  combines  eafily 
with  the  vapour  of  water,  as  alfo  with  the  fmoke 

of 
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of  rofin,  fulphur  and  other  electrical  fubftanceg  j 
yet  by  holding  the  wire  of  a  charged  phial  a- 
mong  thefe  fumes,  he  could  not  make  any  elec- 
trical atmofphere. 

A  short  time  before  the  publication  of  thefe 
papers,  Dr.  Prieftley  had  published  a  fmall  pam- 
phlet *  on  the  manner  of  impregnating  water  with 
fixed  air,  "and  communicating  to  it  the  proper- 
ties of  thofe  acidulous  or  aerial  waters  which  are 
fo  frequently  met  with  in  a  natural  ftate.  His 
procefs  confifts  in  receiving  the  air,  produced  by 
an  effervefcence  from  chalk  and  oil  of  vitriol, 
into  a  bladder ;  making  it  pafs  from  thence,  by 
means  of  a  fyphon,  into  a  bottle  filled  with  wa- 
ter and  inverted  into  a  veflfel  in  the  form  of  a 
bafon  with  a  little  water  in  it,  and  then  agita- 
ting the  bottle  ftrongly :  the  water,  by  this  pro- 
cefs, abforbs  almoft  all  the  air  introduced  into 
the  bottle,  and  by  repeating  the  operation,  a 
quantity  of  air,  fomething  more  than  equal  to 
the  bulk  of  the  water  may*  be  united  to  it.     Dr. 

Prieftley 

*  Directions  for  impregnating  water  with  fixed  air, 
&c,  London,  1772. 
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Prieftley  here  gives  us  a  ftill  more  fimpJe  method 
of  producing  this  union,  viz.  to  place  an  open 
vefTel,  filled  with  water,  in  an  atmofphere  affix- 
ed air  arifing  from  fermenting  wort ;  and  it  be- 
comes, in  a  fhort  time,  fimilar  to  the  acidulous 
waters.  This  combination  is  accelerated,  by 
pouring  the  water  from  one  vefTel  to  another, 
expofed  to  the  fame  atmofphere  \  in  a  few  mi- 
nutes, the  Doctor  has  thus  given  it  an  appear- 
ance hardly  diftinguifhable  from  very  good  Pyr- 
mont,  or  rather  Seltzer  water.  The  fame  effedt 
may  alfo  be  produced  by  filling  a  receiver  with 
fixed  air  at  the  breweries,  and  inverting  it  into  a 
bafon  full  of  water;  the  water  infenfibly  abforbs 
and  diffolves  the  fixed  air,  and  rifes  proportion- 
ably  in  the  receiver:  this  is  a  very  commodious 
method  of  uniting  fixed  air  with  all  kinds  of  li- 
quors, and  may  ferve  to  reftore  brifknefs  to  flat 
wines  and  fpirituous  liquors  which  are  become 
vapid. 

It  appears  from  Dr.  Prieftley's  experiments, 
that  water  cannot  abforb  the  whole  of  the  air 
feparated  by  effervefcence  or  by  fermentation ; 
however  pure  it  may  be,  a  portion  remains  un- 

abforbed, 
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abforbed,  in  which   though  burning  bodies  be 
extinguished,  animals  can,   however,  refpire. 

It  has  been  already  ken,  from  Dr.  Hales's 
experiments,  that  a  mixture  of  iron  filings  and 
brimftone,  placed  under  an  inverted  glafs  bell, 
diminished  the  bulk  of  air  in  which  it  was  con- 
fined. Dr.  Prieftley  has  obferved  the  fame  di- 
minution to  take  place  when  he  employed  fixed, 
inftead  of  common,  air ;  and  that  the  fixed  air, 
thus  diminiihed  in  its  volume,  did  not  appear  to 
be  fo  noxious  to  animals  as  before  its  diminuti- 
on, nor  to  differ  fo  much  from  common  air, 
but  he  remarks  that  this,  change  may  be  attribu- 
ted to  his  having  inadvertently  agitated  the  di- 
minifhed  air  in  water.  Dr.  Prieftley  was  once 
led  to  conclude  from  hence,  that  it  is  phlogifton 
which  fixed  air  wants  to  make  it  common  air*, 

though 

*  In  the  account  which  Dr.,  Prieftley  ha,s  fince  pub- 
lifhed,  of  further  experiments  made  on  different  kinds 
of  air,  we  find  him  confirmed  in  the  conjecture,  that 
fixed  air  is  capable  of  forming  an  union  with  phlogifton, 
and  thereby  becoming  immifcible  with  water.  This 
effect  he  had  before  produced  by  means  of  iron  filings 
and  brimftone,  but  has  fince  had  a  much  more  decifive 
and  elegant  proof  of  it  by  electricity.  Vide  Doctor 
Prieftley 's  Experiments  and  Obfervations  on  different  kinds 
of  air,  prge  248.     T.  H. 
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though  he  acknowledged  himfelf  ignorant  of  the 
method  of  combining  them,  and  that  when  he 
calcined  a  quantity  of  lead  in  fixed  air,  it  did 
not  feem  to  have  been  lefs  foluble  in  water  than 
It  was  before. 

Dr.  Priestley  has  alfo  repeated  moft  of  the 
Honourable  Mr.  Cavendifh's  experiments  on  the 
diflblving  power  of  water  impregnated  with  fix- 
ed air.  He  has  obferved,  with  that  gentleman  *, 
that  it  readily  diflblves  iron,  but  that  it  does  not 
make  a  complete  folution  of  foap •,  that  it  changes 
the  blue  juice  of  tournfole  into  red.  This  laft 
obfervation  feems  declarative  of  its  containing 
fome  portion  of  acid ;  fome  experiments,  how- 
ever, will  appear,  in  the  fequel,  contradictory  to 
this  opinion  f.     Water,  thus  impregnated  with 

fixed 


*  "  Or  rather  with  Mr.  Lane.  It  appears,  however* 
"  that  fixed  air,  without  water,  has  no  fuch  power." 
Ibid,  page  250. 

f  Mr.  Hey's  experiments,  to  which  Mr.  Lavoifier  here 
alludes,  tend  only  to  prove  that  water  impregnated  with 
fixed  air  is  not  made  acid  by  the  vitriolic  acid  fang  volati- 
lized and  mixed  'with  it. 
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fixed  air,  eafily  parts  with  it  when  heated,  when 
freezing,  and  in  the  vacuum  of  an  air  pump. 

Dr.  Priestley  was  defirous  of  knowing,' 
from  his  own  obfervation,  the  effect  of  fixed  air 
on  animals:  thofe  which  breathed  it,  perifhed 
inftantly ;  he  remarked,  that  their  Jungs  were 
white  and  coilapfed,  and  he  could  not  perceive 
in  them  any  other  caufe  of  death.  Infects,  fuch 
as  butterflies,  and  flies  of  other  kinds,  foon  be- 
come torpid  and  apparently  dead,  but  may  eafily 
be  revived,  by  being  expofed  to  a  current  of 
common  air.  The  effect  is  nearly  the  fame  on 
frogs  i  but  a  fnail,  treated  in  the  fame  manner, 
died  prefently. 

Fixed  air  is  not  lefs  fatal  to  vegetable  than  to 
animal  life.  A  fprig  of  mint,  growing  in  water, 
placed  over  fome  fermenting  liquor,  became 
quite  dead  in  one  day  \  a  red  rofe  became  of  a 
purple  colour,  on  being  expofed  to  the  vapour 
from  fermentation,  in  twenty-four  hours  \  but 
various  other  flowers  were  little  affected*. 

When 

*  Dr.  Priestley  relates  that  another  rofe  turned  per- 
fectly white  in  the  fame  fituatron  j  but  he  acknowledges 

K  that 
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When  Dr.  Prieftley  had  feparated  fixed  air 
from  chalk  by  its  combination  with  acids,  he 
tried  alfo  to  detach  it  by  fire;  and,  for  this  pur- 
pofe,  made  ufe  of  a  gun-barrel.  One  half  of 
the  air  which  he  obtained,  by  this  procefs,  was 
capable  of  being  abforbed  by  water,  the  other 
half  inflammable. 


SECTION      II. 

Of  Air  in  which  a  Candle,  or  Brimstone, 
has  burned  out. 

AFTER  having  examined  the  properties  of 
fixed  air,  Dr.  Prieftley  relates  the  experiments 

he 

that  the  experiments  were  not  repeated,  and  exprefTes  a 
wifh  that  it  might  be  done,  in  pure  fixed  air  extra&ed 
from  chalk  by  means  of  oil  of  vitriol.  In  the  fummer  of 
1774  the  tranilator  of  this  treatiie,  expofed  feveral  rofes, 
and  other  flowers  to  the  vapour  arifing  from  an  effervefcing 
mixture,  formed  with  thofe  ingredients,  without  perceiving 
any  change  in  their  colour ;  nor  does  fixed  air  fo  obtained 
prove  fatal  to  vegetation,  as  appears  from  fome  ingenious 
experiments  with  which  Dr.  Percival  intends  to  favour  the 
public.     T.  H. 
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he  has  made  on  portions  of  atmofpheric  air, 
which  he  confined  in  glafs  receivers,  and  in 
which  candles  or  fulphur  had  burned  out. 

The  ,air,  thus  confined,  diminished  about 
one-fifteenth,  or  one-fixteenth,  in  its  bulk,  which 
is  one-third  as  much,  according  to  Dr.  Prieftley, 
as  can  be  induced,  either  by  the  refpiration  of 
animals,  the  corruption  of  animal  or  vegetable 
fubftances,  the  calcination  of  metals,  or  by  a 
mixture  of  fulphur  and  iron  filings.  One  fingu- 
lar  circumftance,  and  which  may  throw  fome 
light  on  this  phenomenon,  is  that  this  diminution 
does  not,  always,  immediately  take  place ;  but 
that  it  is  fometimes  not  reduced  till  it  has  pafled 
feveral  times  through  a  quantity  of  water,  and 
been  agitated  with  it ;  the  fixed  part  combines 
with  the  .water,  and  it  is  not  till  then  that  the 
diminution  is  effected.  But  the  diminution  is 
generally  inconfiderable,  if  the  air  have  ftood  in 
quickfilver,  there  not  being  any  fubftance  ex- 
pofed  to  the  air  that  could  abforb  any  part  of  it. 

These  experiments  of  Dr.  Prieftley  confirm 
K  2  what 
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what  Dr  Hales  had  fufpeclied,  viz.  that  air, 
confined  in  a  receiver,  does  not  diminifh  in  bulk, 
in  proportion  to  the  quantity  of  fulphur  burned 
in  it.  Dr  Prieftley  has  proved  that  this  diminu- 
tion has  bounds  which  eannot  be  exceeded,  and 
that,  whenever  he  ufed  a  fufficient  quantity  of 
fulphur,  it  was  always  the  fame  in  proportion  to 
the  fize  of  the  receiver. 

Atmospheric  air  confined  in  a  receiver,  ac- 
quires the  property  of  uniting  with  lime-water 
and  precipitating  the  lime,  when  either  wax 
candles,  tallow  candles,  fpirit  of  wine,  ether 
or  any  other  fubftance,  except  brimftone,  is 
burned  in  it*;  and  the  reafon  why  the  lad  named 
body  does  not  produce  the  fame  effect,  Dr.  Prieft- 
ley thinks,  may  be  deduced  from  the  acid  va- 
pour of  the  fulphur  uniting  with  the  lime,  dif- 
fering it,   and  preventing  its  precipitation. 

Dr. 

*  Dr.  Priestley  fufpe&ed,  at  that  time,  that  the 
phenomena  produced  in  common  air  by  thefe  methods, 
were  caufed  by  the  a&ion  of  phlogifton  let  loofe  from 
thefe  bodies,  in  the  procefs,  overcharging  the  air,  and 
fubfequent  experiments  have  tended  to  confirm  him  in  this 

opinion^ 
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Dr.  Hales,  in  his  vegetable  flatics,  attri- 
butes the  diminution  of  the  volume  of  air  to  the 
lofs  of  its  elafticity ;  in  this  cafe,  the  air  fo  re- 
duced, ought  to  have  a  greater  degree  of  fpecific 
gravity  than  it  before  porTefTed  ;  Dr.  Prieftley9 
however,  believes,  that  it  certainly  becomes, 
on  the  contrary,  rather  lighter;  and  he  therefore 
concludes  that  it  is  the  fixed  part  of  the  air  and 
its  heavier  portion  which  is  precipitated. 

It  is  univerfally  known  that  a  wax  or  tallow 
candle,  lighted  and  placed  under  a  receiver,  can- 
not burn  long ;  it  goes  out ;  and  if  we  attempt 
to  place  frefti  ones  there,  they  are  immediately 
extinguifhed.  M.  de  Saluces,  in  the  Turin 
Memoirs,  vol.  I.  page  41,  attributes  this  effecl 
to  the  rarefaction  caufed  by  the  heat,  and  he 
fuppofes  that  the  air  may  he  recovered  by  com- 
pelling 


opinion,  having  found  that  every  body  which  emits  phlo- 
gifton,  and  among  others,  the  electric  fpark,  diminifhes 
common  air.  He  conjectures  that  the  phlogifton  having  a 
nearer  affinity  with  fome  of  the  conftituent  parts  of  the  airt 
than  the  fixed  air  which  enters  into  the  composition  of  it, 
the  latter  is  confcquently  precipitated. 
K3 
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prefling  it  in  bladders.  Dr.  Prieftley  agrees 
v/ith  him  as  to  the  truth  of  the  experiments,  but 
he  denies  the  confequences  :  he  imagines  that 
the  effect  cannot  be  owing  to  compreffion  alone, 
becaufe  the  experiment  will  not  fucceed,  except 
in  bladders :  and  he  allures  us  that  he  had  tried, 
in  vain,  a  very  ftrong  degree  of  compreffion, 
in  glafs  veffels,  without  the  quantity  of  the  air 
being  reftored.  He  alfo  brings  another  experi- 
ment in  aid  of  the  above  ;  he  filled  an  exhauft- 
ed  receiver  with  air  which  had  paffed  through 
a  glafs  tube  made  red-hot,  and  found  that  a  can- 
dle would  burn  in  it  perfectly  well.  The  ex- 
tinction, therefore  of  wax  and  tallow  candles, 
confined  in  clofe  veifels,  cannot  be  owing  to 
the  rarefaction  of  the  air  only. 

Animals,  from  Dr.  Prieftley's  experiments, 
live  as  long  in  air  in  which  candles  have  burned 
out  as  in  common  air.  He  alfo  obferved  the 
fame  of  air  in  which  brimflone  has  burned,  af- 
ter the  vapours  have  had  time  to  fubfide.  Nei- 
ther is  this  air  more  noxious  to  vegetables  -9  Dr. 
Priftley  has  kept  different  kinds  of  plants  grow- 
ing in  it,  without  their  being  particularly  affect- 
ed 
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ed  by  it.  But  the  moft  remarkable  circumftance 
was,  that  the  air  was  afterwards  re-eftabliflied 
in  the  Hate  of  common  air,  and  candles  again 
burned  in  it  as  at  firft  *. 


SECTION     III. 

Of   inflammable   air. 

Dr.  PRIESTLEY  firft  defcribes  the  method 
by  which  he  obtains  inflammable  air,  which  is 
the  fame  as  that  defcribed  by  Mr.  Cavendifh  in 
the  Philofophical  Tranfaclions  :  it  confifts  in 
forming  folutions  of  iron,  zinc  or  tin,  but  efpe- 
cially  the  two  former,  in  the  vitriolic  acid,  and 
catching  the  air  or  rather  elaftic  fluid,  feparated 
by  the  effervefcence,  either  in  bladders  or  other- 
wife.  But  when  he  extracted  it  from  vegetable 
or  animal  fubftances,  or  from  pit-coals,  he  put 
them  into  a  gun  barrel,  td  the  orifice  of  which 

he 

*  Dr.  Priestley  conje&ures  that  this  recovery  of  the 

air  to  it's  former  ilate,  is  effected  by  the  plants  imbibing 

the  phlogiftic  matter  with  which  it  is  overloaded  by  the 

burning  of  inflammable  bodies. 

K4 
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he  luted  a  glafs-tube  or  the  ftem  of  a  tobacco- 
pipe  to  the  other  end  of  which  he  tied  a  flaccid 
bladder. 

The  quantity  of  inflammable  air  which  is  ob- 
tained by  the  procefs,  depends  very  efTentially  on 
the  degree  of  heat  employed.  A  fudden  and 
violent  heat  procures  fix  or  feven  times  as  much 
as  when  the  heat  is  applied  more  gradually, 
though  increafed  to  ever  fo  great  a  degree,  at 
the  end  of  the  operation.  A  bit  of  dry  oak 
weighing  ten  or  twelve  grains,  will  generally 
yield  about  a  fheep's  bladder  full  of  inflammable 
air,  fuppofing  the  heat  to  be  fufficiently  briik. 

Dr.  Priestley  has  alfo  remarked,  in  this 
reipeft,  that  the  air  obtained  from  folutions  is 
more  inflammable  in  proportion  as  the  efrervef- 
cence  is  more  briik  -,  but  in  this  experiment,  as 
in  all  the  others,  he  made  ufe  of  bladders  ;  and 
it  muft  be  acknowledged,  that  this  circumftance 
is  capable  of  throwing  fome  uncertainty  on  the 
refults.  The  doubts  which  may  be  formed,  on 
this  head,  feem  alfo  confirmed  by  other  paflages 
In  his  memoir:    he  owns  that  inflammable  air 

penetrates 
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penetrates  bladders,  and  even  cork,  and  that 
there  is  no  other  way  of  preferving  it,  than  by 
corking  clofely  the  bottles  which  contain  it,  and 
inverting  them  with  their  mouths  downwards, 
into  a  vefiel  of  water. 

Having  inftructed  us  how  to  obtain  and  pre- 
serve inflammable  air,  Dr.  Prieftley  examines  in- 
to the  degree  of  its  affinity  with  water  y  he  flrft  re- 
marks, that  if  it  be  kept  in  a  bottle  inverted  into 
a  bafon  of  water,  the  furface  of  the  water  be- 
comes covered  with  a  fixed  matter,  which  is  a 
red  okre  when  it  has  been  generated  from  iron3 
but  whitifh  when  extracted  from  zinc. 

Though  the  combination  of  this  air  with 
water,  be  not  any  thing  near  fo  eafy  as  that  of 
fixed  air,  it  may  however  be  accomplished  by 
ftrong  agitation.  About  a  fourth  part  of  inflam- 
mable air  is  abforbed  in  this  operation ;  if  the 
agitation  be  long  continued  the  air  iofes  its  in- 
flammability,  and  the  remainder  does  not  feem 

to  differ  from  common  air*. 

Inflammable 

*  Dr.  Priestley  fays,,  "  it  admitted  a  candle  to  burn 
in  it  like  common  air,  only,  more  faintly  ;  and  indeed  by 

the 
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Inflammable  air,  produced  from  oak,  had 
this  peculiarity,  that  water  abforbed  about  one  half 
of  its  bulk-,  but  this  circumftance  is  probably 
to  be  accounted  for,  from  the  mixture  of  a  por- 
tion o$ fixed,  with  the  inflammable,  air.  The  re- 
fiduum  alfo  in  this,  as  in  the  preceding  experi- 
ment, differs  not  from  common  air. 

Dr.  Priestley  did  not  fail  to  examine  into 

the  effect  of  inflammable  air  on  animals,    and 

vegetables;   the  firft  were  thrown  into  convul- 

fions,  which  foon  terminated  in  death  f ,  nearly 

in  the  fame  manner  as  when  they  are  plunged 

into-  fixed  air.     Whatever  number  of  animals 

thus  perimed  in  it,  the  noxious  quality  of  the  air 

was  not  diminifhed,  and  its  aclion  was  as  great 

on 

the  teft  of  nitrous   air,    it  did  nor  appear  to  be  near  fo 
good  as  common  air."  T.  H. 

f  Two  wafps,  having  been  put  into  inflammable  air, 
and  fuffered  to  remain  in  it  near  an  hour,  prefently  ceaf* 
ed  to  move  and  feemed  to  be  quite  dead  for  about  half  an 
hour  after  they  were  taken  into  the  open  air,  but  then 
they  revived,  and,  were  foon,  quite  recovered.  Prieft- 
ley's  Experiments  and  Obfervations  on  Air,  page  247  «T.  H. 
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on  the  laft  as  on  the  firft.  As  to  vegetables,  it 
did  not  appear  that  inflammable  air,  remarkably, 
prejudiced  their  growth  ;  thefe  laft  experiments 
were  made  with  air  drawn  from  zinc  and  from  oak. 

These  different  experiments  induced  Doctor 
Prieflley  to  imagine,  that  different  kinds  of  air, 
mixed  together,  might  correct  each  ojther :  he, 
accordingly,  proceeded  to  mix  inflammable  air, 
with  air  which  animals  had  refpired,  and  he  found 
that  the  mixture  was  not  inflammable.  The 
fame  event  did  not  refult  from  a  mixture  of  fixed 
with  inflammable  air,  for  the  latter  retained  its 
inflammability  \  they  even  appeared  to  have  had 
very  little  influence  on  each  other,  for  though  they 
were  kept,  thus  mixed,  during  three  years,  they 
were  eafily  feparated  by  fimple  agitation  in  water. 
All  the  fixed  air  was  abforbed,  and  the  remainder 
was  equally  inflammable  as  at  firfl. 

It  was  natural  to  fuppofe  that  inflammable  air 
muft  be  loaded  with  phlogifton ;  yet  it  could 
not  be  abforbed  either  by  oil  of  vitriol  or  fpirit 
of  nitre,  notwithftanding  the  great  affinity  which 
thofe  acids  have  with  phlogifton,  it  does  not 

tinite 
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unite  with  the  fumes  of  fmoking  fpirit  of  nitre, 
nor  is  its  inflammability  even  diminifhed  *. 

SECTION     IV. 

Of  air  infected  with  animal  respiration 
or  putrefaction. 

AIR  which  has  ferved,  fome  time,  for  the 
refpiration  of  animals,  has  loft  the  property  x>f 
fupporting  the  lives  of  other  animals.  When  an 
animal  has  died  in  this  air  and  another  is  fubfti- 
tuted  to  the  firft,  it  perifhes  inftantly  and  in  the 
firft  attempt  to  refpire.  It  mould  feem  however 
that  animals  may,  by  habit,  become  capable, 
to  a  certain  point,   of  breathing  noxious  air: 

Dr. 

*  Dr.  Priestley  has  fince  difcovered  that  the  electric 
fpark,  taken  in  any  kind  of  oil,  produces  inflammable 
air ;  that  inflammable  air  is  not  changed  by  being  made 
to  pafs  feveral  times  through  a  red  hot  iron  tube  ;  and 
that  it  is  no  more  diminifhed  or  changed  by  the  fumes  of 
liver  of  fulphur,  or  by  the  electric  fpark,  than  he  had  be- 
fore ob ferved  it  to  be  by  a  mixture  of  iron  filings  and 
brimftone.  Prieftley's  Experiments  and  Obfervations  on 
4ir,  page  247. 
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Dr.  Prieftley  has  actually  obferved  that  although 
an  animal  will  live  tolerably  in  air  in  which  it 
has  continued  for  a  confiderable  time,  yet  if  an- 
other animal  be  placed  in  the  fame  air,  it  will 
periih  immediately,  though  the  former  will  live 
for  Several  minutes  longer.  Young  animals, 
ceteris  paribus,  bear  this  trial  longer  than  old 
ones.  Thefe  circumdances  occafion  fuch  fre- 
quent variations  in  the  refult  of  the  experiments, 
that  nothing  can  be  precifely  determined  from 
them,  without  repeating  them  very  frequently. 

Air  which  has  thus  ferved  the  purpofe  of 
animal  refpiration  is  no  longer  common  air  ;  it 
approaches  to  the  nature  of  fixed  air,  in  as  much 
as  it  is  capable  of  combining  with  lime-water  * 
and  precipitating  the  lime  from  it,  in  form  of  a 
calcareous  earth  \  but  it  differs  from  fixed  air, 
1  ft.  That  being  mixed  with  common  air  it  di- 
minifhes  its  bulkf ,  whereas  fixed  air  increafes  it^ 

2dly„ 

*  T  h  e  whole  of  the  air  which  has  been  refpired  does 
not  combine  with  lime-water.  It  is  the  fixed  principle 
which  has  been  precipitated,  by  this  procefs,  from  the  air 
which  poflefTes  this  property. 

f  The  phlogiflon  emitted  by  animal  refpiration  dimi- 

nifhes 
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2dly.  That  it  can  remain  in  contact  with  water 
without  being  abforbed  by  it ;  gdly.  That  in- 
fers and  vegetables  can  live  in  it,  whereas  they 
perifh  in  fixed  air. 

Dr.  Priestley,  afterwards,  mews,  that  there 
is  a  very  perfect  analogy  between  this  air,  and 
that  in  which  animal  or  vegetable  fubftances 
have  putrefied:  both  extinguifh  flame,  and 
are  fatal  to  animals;  both  equally  precipitate 
lime-water ;  the  gravity  of  each  is  equal,  and 
each  of  them  may  be  reftored  to  the  (late  of 
common  air  by  the  fame  methods :  the  Doctor 
concludes,  from  this  analogy,  that  the  principal 
ufe  of  the  lungs,  in  animals,  is  to  procure  the 
evacuation  of  a  putrid  effluvium,  which  would 
corrupt  the  living  body  in  the  fame  manner  that 
it  produces  corruption  in  thofe  which  are  dead. 

Dr.  Priestley  had  the  curiofity  to  inquire 

into 


nifties  common  air ;  but  air,  fo  diminifhed,  is  not  capable 
of  producing*  any  diminution  in  a  quantity  of  frefh  air. 
T.  H. 
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into  the  diminution  of  air  which  is  produced  ei- 
ther by  the  putrefaction  of  animal  fubftances, 
or  by  the  refpiration  of  animals.  A  moufe  hav- 
ing putrefied  in  a  given  quantityof  air,  its  vo- 
lume was  increafed  for  a  few  days,  but  it  after- 
wards diminished,  and  in  about  eight  or  ten  days, 
if  the  weather  were  warm,  the  diminution  wa$ 
found  to  be  f  or  ~.  Sometimes  the  diminution 
does  not  appear,  till  after  the  air  has  been  made 
to  pafs,  two  or  three  times,  through  water. 
The  fame  is  the  cafe  with  air  which  animals  have 
breathed  ^  alfo,  air  in  which  candles  have  burned 
out  may,  almoft  always,  be  further  reduced  by 
this  means. 

Dr.  Priestley  has  repeated  the  fame  expe- 
riments, only  making  ufe  of  mercury  inftead  of 
water  •,  he  remarked  an  augmentation  in  the 
bulk  of  the  air,  for  the  flrfl  days,  perhaps  about 
TV-  After  this  it  ftood  in  the  quick  Ml  ver  two 
days  without  any  fenfible  alteration  ;  and  then, 
on  admitting  water  to  it,  it  began  to  be  ab- 
forbed,  and  its  quantity  was  diminifhed  about 
£•  If  he  made  ufe  of  lime-water  in  this  experi- 
ment, it  became  turbid,  and  precipitated,  which 

fhewed 
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fhewed  that  this  air  was,  in  part,  in  the  ftate  of 
fixed  air. 


Having  alfo  placed  fome  mice  inaveffel,  the 
mouth  of  which  was  inverted  into  quickfilver, 
Dr.  Prieftley  did  not  perceive,  when  they  were 
dead,  that  the  air  had  been  much  diminifhed, 
but  having  withdrawn  the  mice,  and  introduced 
fome  lime-water  into  the  veftel,  the  volume  of 
air  became  diminifhed,  and  the  lime  was  preci- 
pitated. 

Hitherto  Dr  Prieftley  had  operated  only  on 
common  air,  corrupted  by  the  effluvia  of  putre- 
fied animal  fubftances,  or,  which  is  the  fame 
thing,  on  a  mixture  of  common  air,  and  air  fe- 
parated  by  the  putrid  fermentation.  He  thought 
proper  to  operate  on  the  fame  effluvia,  without 
any  mixture  of  common  air,  and  his  experiments 
afforded  him  fome  remarkable  phenomena.  He 
put  dead  mice  into  veffels  full  of  water,  and  in- 
verted the  mouths  of  the  jars  into  bafons  alfo 
filled  with  water ;  they  produced  a  confiderable 
quantity  of  elaftic  matter  which  was  not  ab- 
forbed  by  water-,  after  a  fhort  time  the  wa- 
ter  contracted   an  extremely  fetid   and  offen- 

five 
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five  fmell,  which  feems  to  indicate  that  the 
putrid  effluvium  pervades  the  water,  and  affects 
the  neighbouring  air  *.  He  repeated  this  expe- 
riment in  a  jar  filled  with  quickfilver,  and  he 
procured  a  confiderable  quantity  of  air  which 
was  abforbed  by  lime-water  in  the  fame  manner 
as  if  it  had  been  fixed  air.  Thefe  two  laft  expe- 
riments feem  contradictory  to  the  former ;  it  has 
been  kcn9  in  fad,  that  the  putrefaction  of  ani- 
mal fubftances  diminifhed  the  bulk  of  common 
air  in  which  they  were  confined,  we  fee  here,  on 
the  contrary,  a  confiderable  production  of  elaftic 
matter. 

To  reconcile  thefe  phenomena,  Dr.  Prieflley 
perfuaded  himfelf  that  the  putrid  effluvium  is 
fixed  air  mixed  with  fome  other  vapour  which 
has  the  property  of  diminifhing  common  air,  in 
proportion  as  it  is  combined  with  it.  This  con- 
jecture, however,  is  not  confirmed  by  experi- 
ment % 

*  Mr.  Lavoisier  makes  Dr.  Prieflley  fay  that  water 
did  not  abforb  this  air,  whereas  he  exprefsly  mentions  the 
water  being  faturated  with  it.  Prieftley's  Experiment?, 
page  84,    T.  H. 

L 
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merit ;  for  having  attempted  to  mix  air  feparated 
by  putrefaction  with  common  air,  no  common 
air  having  been  previoufly  fuffered  to  communi- 
cate with  the  former,  he  did  not  remark  any 
diminution  in  its  bulk  *. 

Again,  according  to  Dr.  Prieftley,  we  may 
vary  all  thefe  phenomena,  by  varying  the  cir- 
cumflances  of  the  experiment :  If,  for  example, 
a  piece  of  beef  or  mutton,  raw  or  boiled,  be 
placed  under  an  inverted  jar,  filled  with,  and 
Handing  in  mercury,  and  fo  near  to  the  fire  that 
the  heat  to  which  it  is  expofed  be  at  leaft  equal 
to  that  of  the  blood  ;  a  confiderable  quantity  of 
air  will  be  generated  in  a  day  or  two,  about  ~ 
of  which  will  be  abforbed  by  water,  while  all 
the  reft  will  be  inflammable.  A  rnoufe,  under 
this  circum dance,  and  with  the  fame  degree  of 
heat,    furnifties  a  putrid  vapour   which   extin- 


guiihes  the  flame  of  wax  or  tallow  candles. 


The 


*  Dr.  Priestley  tells  us  that  in  the  way  he  made  the 
experiment,  he  was  obliged  to  let  the  putrid  air  pafs  through 
a  body  of  water  which  might  inftantly  abforb  the  phlogiftic 
matter  that  diminifhed  the  common  air.  Experiments,  &c. 
p.  85.    T.H. 
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The  air  , which  is  produced  from  vegetables, 
under  fimilar  circumftances,  is  almoft  wholly 
fixed  air,  and  does  not  contain  any  inflammable 
part.  Putrid  cabbage,  green  or  boiled,  yields 
produces  exactly  fimilar  in  every  point,  to  thofe 
which  are  obtained  from  animal  fubftances. 

Animal  refpiration,  fermentation,  combufti-- 
on,  in  fhort,  effluvia  of  every  kind  would  infect 
the  air  of  the  atmofphere,  and  render  it  mortal 
to  all  animals,  if  nature  had  not  a  method  of  re- 
ducing the  corrupted  air  to  the  (late  o'f  common 
air.  This  object  engaged  much  of  Dr.  Prieft- 
ley's  attention,  and  the  following  are  nearly  the 
refults  of  his  experiments.  He  firft  proved  that 
fimple  agitation  with  water  was  not  capable  of 
depriving  air,  thus  infected,  of  its  noxious  qua- 
lity, unlefs  the  agitation  were  continued  for  a 
very  long  time,  a  circumftance  which  could  not 
happen  in  the  common  order  of  nature.  He 
then  tried  to  mix  this  air  with  that  difcharged 
from  falt-petre,  by  explofion,  and  with  the 
fumes  of  fulphur  \  he  fubmitted  it  to  the  tefts 
of  heat,  rarefaction,  and  condenfation  ;  but  they 
all  proved  unfuccefsful.  One  method  only  ap- 
L  2  peared 
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peared,  to  him,  to  fucceed,  in  reftoring  air  to  a 
falubrious  ftate,  and  he  fufpe&ed  it  to  be  the 
method  employed  by  nature  ;  it  is  the  vegeta- 
tion of  plants.  With  this  view,  he  has  made 
many  experiments,  from  whence  it  is  evinced, 
that  plants,  confined  in  'receivers  filled  with  in- 
fected air,  vegetate  in  that  fituation,  and,  after 
fome  time,  the  air  becomes  as  proper  as  that  of 
the  atmofphere  for  the  refpiration  of  animals. 

Dr.  Priestley  has  demonftrated  that  four 
parts  of  fixed  air,  mixed  with  one  of  corrupted 
air,  form  air  proper  for  refpiration ;  but  as  this 
mixture  is  not  made  without  being  feveral  times 
decanted,  in  water,  from  one  jar  to  another,  he 
apprehended  that  its  being  thus  pafTed  might 
contribute  as  much,  if  not  more  than  the  mix- 
ture of  the  fixed  air,  to  render  the  air  wholefome. 

Dr.  Priestley  obferves  further,  upon  this 
fubjecT:,  that  every  fpecies  of  noxious  air,  whe- 
ther infected  by  refpiration  or  putrefaction; 
whether  proceeding  from  the  vapour  of  burning 
charcoal,  or  having  ferved  in  the  calcination  of 
metals  i  whether  it  have  contained,  for  a  long 

time, 
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time,  a  mixture  *of  iron  filings  and  brimftone, 
or  of  oil  and  white  lead ;  may  be  always  reftored 
to  falubrity  by  agitating  them  long  with  water. 
The  volume  of  air  is  diminifhed  by  this  procefs, 
when  water  is  ufed  which  has  been  deprived  of 
its.  air :  but  it  is  augmented,  on  the  contrary, 
when  well-water  is  employed  which  contains 
much  air.  This  general  afiertion  feems  to  con- 
tradict what  Dr.  Prieftley  had  advanced,  in  an- 
other place,  viz.  that  agitation  with  water  was 
not  furEcient  to  deprive  corrupted  air  of  its  nox- 
ious qualities  *. 

SECTION      V. 

Of  air  in  which  a  mixture  of  brimstone 
and  iron  filings  has  stood. 

FROM   Dr.   Hales's  experiments,    we   had 
learned,  that  a  pafte  made  with  powdered  brim- 
ftone 

*  It  was  not  agitation,  but  merely  decantation  from 
one  veffel  to  another,  which  had  proved  infufiicient  in  o- 
ther  experiments.    T.  H. 
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itone  and  iron  filings  moiftened  with  water,  oe- 
cafions  a  confiderable  diminution  of  the  volume 
of  air  in  which  it  is  placed.  Dr.  Prieftley  has 
repeated  this  experiment,  in  receivers  immerfed 
both  in  quickfilver  and  in  water :  the  diminution 
was  equal  in  both  cafes,  but  he  obferved,  that 
if  could  not  exceed  a  fourth  or  a  fifth  of  the 
whole  volume  of  air  contained  in  the  receiver. 
Air,  thus  diminifhed,  is  lighter  than  common 
air,   but  it  does  not  precipitate  lime-water. 

Dr.  Priestlfy  attributes  this  laft  circurn- 
flance  to  the  acid  vapour,  which  exhales  from 
the  mixture,  during  the  operation,  combining 
with  the  air,  and  forming  a  felenitic  fait  with  the 
lime,  inftead  of  precipitating  it.  As  a  proof  of 
this  he  obferves,  that  the  water,  which  has  been 
ufed  in  the  procefs,  has  a  manifeft  fmell  of  vola- 
tile fpirit  of  vitriol.  If,  inftead  of  making  this 
experiment  in  common  air,  it  be  made  in  air 
which  has  been  already  diminifhed,  whether  by 
candles  burning  in  it,  or  by  putrefaction,  though 
it  never  fails  to  diminifh  it  fomething  more,  it 
is,  -however,  no  further  than  this  procefs  alone 
would  have  done  it.  Dr.  Prieftley  has.  remark- 
ed* 
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ed,  that  air  thus  reduced,  by  a  mixture  of  brim- 
ftone  and  filings  of  iron,  was  very  noxious  to 
animals,  and  he  did  not  perceive  that  it  was  ren- 
dered more  falutary  by  being  placed  in  contact 
with  water*. 


SECTION    VL 

Of     Nitrous     Air. 

Dr.  PRIESTLEY  gives  the  name  of  nitrous 
air  to  the  elaftic  fluid  which  is  feparated  during 
the  diflblution  of  iron,  copper,  brafs,  tin,  filver, 
quickfilver,  bifmuth,  or  nickel,  in  the  nitrous 
acid,  and  of  gold,  or  regulus  of  antimony,  in 
aqua  regia. 

This 

*  Dr.  Priestley  has  given  us  fome  curious  experi- 
ments, in  the  fecond  part  of  his  ingenious  treatife  on  air, 
tending  to  prove,  from  the  diminution  of  common  air  by 
the  electric  fpark,  that  the  latter  either  is,  or  contains, 
phlogifton,  fince  it  does  the  very  fame  thing  that  phlogif- 
ton  does.  And  further  proving  that  the  diminution  of 
common  air  by  bodies  emitting  phlogifton  is  owing  to  the 
precipitation  of  it's  fixable  part.     T.  H, 

L4 
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This  air  has  a  ftrong  difagreeable  fmell,  dif- 
fering but  little  from  that  of  fmoking  fpirit  of 
nitre.  ?  It  has  the  fingular  property  of  becom- 
ing turbid  when  it  is  mixed  with  common  air,  of 
afluming  a  red  or  deep  orange  colour,  and  of 
producing  a  ftrong  heat ;  at  the  :fame  time  the 
mixture  diminishes  confiderably  in  its  bulk. 

Dr.  Priestley  fuppofes,  that  this  diminution 
principally  takes  place  in  the  common  air.  Not 
that  the  whole  is  to  be  afcribed  to  it,  but  that 
the  nitrous  air  likewife  contributes  in  fome  de- 
gree. He  proves  this  by  the  greater  or  fmaller 
diminution,  which  he  has  experienced  in  the 
volume  of  thefe  two  kinds  of  air,  according  to 
the  different  proportions  in  which  chey  were 
mixed.  When,  for  inftance,  he  mixed  one 
meafure  of  nitrous  air  with  two  of  common  air, 
after  fome  minutes,  when  the  effervefcence  was 
ended,  the  whole  volume,  inftead  of  being  three 
meafures,  which  it  mould  have  been,  in  propor- 
tion to  the  fum  of  the  volume,  was  found,  on 
the  contrary,  a  ninth  lefs  than  the  two  meafures, 
viz.  lefs  by  a  ninth  in  meafure  than  the  quantity 
of  common  air  introduced  into  the  mixture. 

When, 
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When,  on  the  contrary,  he  employed  more  of 
the  nitrous  than  of  common  air,  the  volume  of 
the  mixture  was  lefs  than  that  of  the  two  fepa- 
rately,  but  greater  than  that  of  the  nitrous  air 
alone.  Thefe  appearances  Dr.  Prieftley  was  able 
to  explain  on  no  other  principles,  than  the  fup- 
pofing,  that  the  greater  diminution  took  place 
in  the  common  air. 

Dr.  Priestley  next  proceeded  to  mix  twen- 
ty parts  of  nitrous  air  with  one  part  of  common 
air.  The  diminution  was  about  a  fortieth,  viz. 
half  the  bulk  of  the  common  air:  for  as  we 
have  feen  above,  that  the  diminution  of  com- 
mon air,  in  all  cafes,  never  exceeded  from  a 
fourth  to  a  fifth,  it  follows  that  the  remainder  of 
the  diminution  muft  be  in  the  nitrous  air. 

The  proportion  of  about  two  thirds  of  com- 
mon air,  to  one  third  of  nitrous  will  nearly  form 
the  point  of  faturation.  After  we  have  arrived 
at  this  point  if  we  add  more  nitrous  air,  neither 
the  rednefs  nor  eflfervefcence  will  be  produced, 
and  it  makes  an  addition  equal  to  its  own  bulk. 

There 
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There  is  every  appearance  that  the  water 
which  is  ufed  to  confine  the  air  in  the  receiver, 
when  this  mixture  is  formed,  abforbs  a  part  of 
the  air  ;  and  in  facl:  the  diminution  in  the  bulk 
is  lefs  when  quickfilver  is  employed  inftead  of 
water.  Two  parts  of  common,  with  one  part 
of  nitrous  air,  give,  in  this  cafe,  by  their  com- 
bination, two  parts  and  a  feventh,  inftead  of  a 
ninth  lefs  than  two  parts ;  if  afterwards  water  be 
introduced  into  the  receiver,  it  abforbs  fome  part 
of  the  air,,  but  it  never  proceeds  fo  far  as  if  the 
mixture  had  been,  originally,  made  in  water. 

Nitrous  air  makes  no  effervefcence  either 
with  fixed  or  with  inflammable  air,  nor  in  gene- 
ral with  any  air  which  has  been  reduced  by  any 
method  whatfoever ;  neither  do  we  remark  any 
diminution  in  their  bulk.  On  the  contrary,  the 
more  falubrious  the  air,  the  more  considerable  is 
the  diminution  of  its  bulk;  and  this  circu.nv 
ftance  has  afforded  Dr.  Prieftley  a  certain  method 
of  diftinguifhing  wholefome  air  from  that  which 
is  not  fo.  From  the  moment  he  made  this  dif- 
coyery,  he  preferred  this  teft  to  that  of  experi- 
ments made  on  animals, 

Nitrous 
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Nitrous  air  is  fufceptible  of  being  abforbed 
by  water,  efpecially  by  fuch  as  is  free  from  air. 
As  to  the  quantity  of  this  abforption,  Dr.  Pried- 
ley  has  given  refults  which  do  not  feem  to  agree 
exactly  with  each  other*.  "When  this  air  has  been 
once  combined  with  water  it  is  difficult  to  fepa- 
rate  them  ;  a  quantity  of  water,  thus  faturated, 
yielded  a  few  bubbles  in  an  exhaufted  receiver, 
and  though  it  was  fuffered  to  (land  there,  a  long 
time,  it  ftill  retained  its  peculiar  taftef.  Dr. 
Prieftley  has,  however,  found  by  experiment, 
that  this  water,  when  it  had  ftood  all  night  near 
the  fire,  had  become  quite  vapid,  and  a  filmy 
kind  of  matter  had  been  feparated,  which  he 
fuppofes  to  be  a  calx  of  the  metal  from  which 
the  air  had  been  obtained.  Water,  impregnated 
with  nitrous  air,  may  be  eafily  preferved  in  bot- 
tles, even  uncorked,  in  a  cold  place.  Dr.  Prieft- 
ley has  never  obferved  the  lean:  alteration  in  it. 

*  These  differences  depended  on  the  variety  in  the  cir- 
cumftances  under  which  the  experiments  were  made,  and 
are  not  to  be  attributed  to  any  inaccuracy  in  Dr.  Prieftley's 
manner  of  conducting  or  relating  them.     T.  H.\ 

f  Dr.  Priestley  has  fince  found,  that  nitrous  air  has 
never  failed  to  efcape  from  the  water,  which  has  been  im* 
pregnated  v/ith  it,  by 'long  oxpofure  to  the  open  air.  T.  H. 
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"  The  diminution  of  common  air,  by  a  mix- 
<c  ture  of  nitrous  air,  is  not  fo  extraordinary,  as 
"  the  diminution  which  *  nitrous  air  itfelf  isfub- 
"  je£fc  to,  from  a  mixture  of  iron  filings  and  brim- 
"  ftone,  made  into  a  pafte  with  water*  This 
"  mixture,  as  has  been  already  obferved,  dimi- 
"  nifhes  common  air  between  one  fifth  and  one 
"  fourth,  but  has  no  fuch  effecT:  upon  any  kind 
"of  air  that  has  been  diminifhed  and  rendered 
"  noxious  by  any  other  procefs,  but'  when  it  is 
cc  put  to  a  quantity  of  nitrous  air,  it  diminilhes 
"  it  fo  much  that  no  more  than  one  fourth  of  the 
"  original  quantity  will  be  left," 

"  The  effect  of  this  procefs  is  generally  per- 
ci  ceived  in  five  or  fix  hours,  about  which  time  the 
"  vifible  effervefcence  of  the  mixture  begins  -y 

"  and 

*  Mr.  Lavoisier  having  miftaken  Dr.  Prieflley's mean- 
ing, in  imagining  that  the  Bo&or  had  declared  that  the 
diminution  of  common  air  effected  by  means  of  brimflone 
and  iron-filings  might  be  carried  flill  further  by  an  addi- 
tion of  nitrous  air  to  it ;  I  have  thought  proper  to  fubfti- 
tute  Dr.  Prieftley's  own  account  inftead  of  the  paragraph 
which  Mr.  Lavoifier  intended  as  an  abftracl:  of  it.  I  have 
marked  the  quotation,  fo  far  as  it  proceeds,  with  inverted 
commas*    T.  H. 


ELASTIC  VAPOURS.  157 

"  and  in  very  fhort  time  it  advances  fo  rapidly, 
"  that  in  about  an  hour  almoft  the  whole  effc6fc 
"will  have  taken  place.  If  it  be  fuffered  to 
"  ftand  a  day  or  two  longer,  the  air  will  ftill  be 
<c  diminifhed  farther,  but  only  a  very  little  far- 
ther, in  proportion  to  the  firft  diminution. 
"  The  glafs  jar,  in  which  the  air  and  this  mix- 
«•  ture  have  been  confined,  has  generally  been  fa 
"  much  heated  in  this  procefs,  that  I  have  not 
"  been  able  to  touch  it." 

"  Nitrous  air  thus  diminifhed  has  not  fo 
"  ftrong  fmell  as  nitrous  air  itfelf,  but  fmells  juft 
46  like  common  air  in  which  the  fame  mixture  has 
"  flood;  and  it  is  not  capable  of  being  diminifli^ 
"  ed  any  farther,  by  a  freih  mixture  of  iron  and 
"  brimftone." 

Dr.  Priestley  has  attempted  to  mix  nitrous 
with  inflammable  air,  and  the  mixture  was  in- 
flammable. The  flame  which  proceeded  from 
it,  had  this  peculiarity,  that  it  was  of  a  green 
colour ;  this  circumftance,  Dr.  Prieftley  fuppo- 
fes  to  depend  on  the  nature  of  the  air  itfelf,  and 
not  on  the  metal  from  which  it  has  been  extraft- 
ed. 

A  VERV 
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A  very  Angular,  and  almoft  incredible,  phe- 
nomenon was  that  nitrous  air,  whether  by  itfelf, 
or  combined  with  common  air,  always  retained 
a  fpecific  gravity,  fenfibly  equal  to  that  of  at- 
mofpheric  air.  Dr.  Prieftley  in  a  quantity  of 
three  pints,  never  obferved  more  than  the  differ- 
ence of  half  a  grain,  which  was  fometimes  more, 
and  at  other  times  lefs.  How  is  it  to  be  con- 
ceived, however,  that  two  fluids  lhould  pene- 
trate each  other  in  fuch  a  manner,  that  there 
fhall  refult  a  diminution  of  a  third  of  their  bulk, 
without  the  fpecific  gravity  of  the  mixture  being 
greater,  than  that  of  each  of  the  fluids  had  been 
feparately  ? 

Nitrous  air  is  exceedingly  fatal  to  vegetables. 
Whether  the  air  were  pure,  or  mixed  with  com- 
mon air  to  the  point  of  faturation,  the  plants 
which  were  confined  in  it,  perifhed  in  a  fhort 
time. 

Metals,  calcined  in  this  air,  produced  no 
fenfible  effect.  Dr.  Prieftley  has  difcovered  that 
its  antifeptic  powers  are  much  greater  than  thofe 

of 
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of  fixed  air,  and  that  it  is  capable  of  preferving 
ilefh,  for  a  long  time,  from  corruption. 

Dr.  Priestley  terminates  this  article  by  a 
table  of  the  quantities  of  nitrous  air,  obtainable 
from  different  metals  -,  it  appears  from  hence, 
that  iron  afforded  the  moft,  next  to  it  brafs,  then 
copper  and  filver,  The  other  metals  furnifhed 
much  lefs  *. 

SEC- 


*  When  Dr.  Pneftley  published  an  account  of  his  Ex- 
periments in  the  Philofophkal  Tranfa&ions,  he  had  en- 
deavoured to  determine  whether  lime-water  was  precipi- 
tated in  the  diminution  of  common  by  nitrous  air,  in  order 
to  know  if  the  fixed  part  of  the  former  were  depofited  ; 
but  on  putting  a  bottle  of  lime-water  into  the  jar  in  which 
the  procefs  was  made,  no  precipitation  of  the  lime  enfued, 
though  it  was  eafily  efFe&ed,  afterwards,  by  breathing  into 
it.  This  experiment  not  having  fucceeded,  Mr.  Lavoifier 
has  taken  no  notice  of  it.  But  Dr.  Prieftley  has  iince  in- 
formed us  that  when  the  whole  procefs  was  made  in  lime- 
water,  the  precipitation  was  fufficiently  fenfible.  Experi- 
ments and  Obfervations  on  Air,  p.  114. 

The  fecond  part  of  Dr.  Prieftley's  Experiments  and 
Obfervations  on  different  kinds   of  Air  contain  many  cu- 
rious 
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SECTION     VII. 

Of  air  infected  with  the  fumes  of  burning 
charcoal. 

THE  honourable  Mr.  Cavendifh  had  inform- 
ed us,  in  a  memoir  communicated  to  the  Royal 

Society, 

rious  discoveries,  but  as  it  would  exceed  my  limits  to  enter 
into  a  particular  detail,  I  fhall  therefore  confine  myfelf  to 
a  general  account  of  them.  From  the  green  powder  which 
remained  after  the  evaporation  of  a  folution  of  copper  in 
nitrous  acid,  he  obtained  by  means  of  a  burning  lens  a 
quantity  of  nitrous  air.  When  any  volatile  alkali  was 
added  to  a  mixture  of  nitrous  and  common  air  while  effer- 
vefcing,  the  jar  was  filled  with  white  clouds  which,  pre- 
cipitating in  form  of  fnow,  made  a  moll  beautiful  appear- 
ance, and  proved  to  be  a  nitrous  ammoniac.  At  the  fame 
time  a  diminution  of  the  common  air  took  place.  So  that 
the  Doctor  imagines  the  fait  to  have  been  formed  by  the 
acid  of  the  nitrous  air,  let  loofe  in  the  decompolition  of  it, 
by  common  air,  while  the  phlogifton,  which  muft  be  an* 
other  conftituent  part  of  nitrous  air,  entering  the  common 
air,  was  the  caufe  of  its  diminution.  And  to  this  laft  caufe 
he  attributes  all  the  diminutions  of  common  by  nitrous  air. 

Having 
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Society,  which  is  inferted  ia  „th£  Philofophical 
Tranfadtions,  that  air  paffing  through  a  red  hot 
iron  tube,  filled  with  the  dud  of  charcoal,  was 
diminifhed  about  a  tenth  part  in  its.  bulk  %  he 
had  alio  obferved  that  fome  fixed  air  was  obtain- 
ed in  that  procefs.     Dr.  Prieftley  repeated  thefe 

experiments,  and  with  fimilar  fuccefs. 

Dr. 

Dr.  Priestley  having  placed  fome  Iron  nails  in  a  bottle 
of  nitrous  air,  when  they  had  Hood  with  the  mouth  of  the  bot- 
tle immerfed  in  quickiilver  above  a  month,  the  nitrous  air  was 
found  to  be  transformed  into  a  very  lingular  kind  of  air? 
in  which  a  candle  burned  naturally  and  freely,  and  yet  it 
was,  in  the  higheft  degree,  noxious  to  animals  :  whereas, 
in  general,  animals  will  live  in  air  in  which  candles  have 
burned  out.  When  the  nitrous  air  was  longer  continued 
in  thefe  circumftances,  the  flame  of  a  candle  became  twice, 
and  fometimes  five  or  fix  times  larger  in  it,  yet  without 
any  explofion.  Liver  of  fulphur  produced  this  effect  oh 
nitrous  air  much  more  expeditioufly,  and  diminifhed  it 
even  to  nineteen-fwentieths  of  its  original  quantity. 
Dr.  Prieftley  did  not  proceed  to  determine  whether  it  were 
capable  of  farther  diminution.  In  this  fcate,  and,  in  gene- 
ral, when  the  diminution  had  reached  beyond  three  fourths 
of  the  original  quantity,  a  candle  would  not  burn  in  it. 
Agitation  in  water  deprived  it  of  its  noxious  qualities.  In 
one  inftance  nitrous  air,  in  which  iron  had  flood,  fired  and 
exploded  like  weak  inflammable  air. 

,M  Thb 
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Dr.  Priestley  varied  the  experiment,  by 
repeating  it  under  a  receiver,  by  the  afliftance 
of  the  focus  of  a  burning  lens,  and  he  was  able 
to  produce  a  diminution  of  one-fifth  in  the  vo- 
lume of  air  j  the  remaining  four-fifths  were 
partly  fixed,  and  partly  inflammable  air*.  It  is 
very  worthy  of  remark,  in  this  experiment,  that, 
jometimes^  though  the  charcoal  which  was  ufed, 
had  been  prepared  by  a  fire  fo  ftrong  as  to  be 
capable  of  vitrifying  part  of  the  crucible  in 
which  it  was  confined  \  no  diminution  was  per- 
ceivable 

The  electric  fpark  taken  in  nitrous  air  diminifhes  it  to 
one-fourth  of  its  former  quantity. 

From  all  thefe,  and  many  other  concurring  circum- 
ftances,  Dr.  Prieftley  concludes  that  all  the  difference  be- 
tween frefh  nitrous  air,  and  the  various  ftates  in  which  he 
has  defcribed  it,  depends  upon  fome  difference  in  the  mode 
of  the  combination  of  its  acid  with  phlogifton,  or  on  the 
proportion  between  thefe  two  ingredients  in  its  compofition. 

From  the  fatality  of  nitrous  air  to  infects,  Dr.  Prieftley 
recommends  the  trial  of  it,  diluted  either  with  common  or 
fixed  air,  in  the  form  of  clyfters,  as  a  remedy  againft  worms 
in  the  inteftines.     T.  H. 

*  The  fixed  air  Dr.  Prieftley  fuppofes  to  have  been  de- 
pouted  by  the  common  air,  and  not  to  have  proceeded 
from  the  charcoal ;  the  other  part  is  not  faid  to  have  been 
inflammable.     Prieftley*s  Experiments  p.  130.     T.  H. 
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ceivable  in  the  volume  of  air  in  which  it  was 
burned  *.  Dr.  Prieftley  attributes  this  effecl:  to 
che  inflammable  air  which  is  detached  from  the 
charcoal  in  this  lad  cafe,  and  which  fupplies  the 
place  of  the  air  which  is  abfoi  bed.  He  obferves, 
in  fupport  of  this  explanation,  that  charcoal 
which  had  not  been  made  with  a  confiderable 
degree  of  heat  feldom  failed  to  yield  a  permanent 
addition  of  inflammable  air,  and  fuppofes,  that 
in  converting  dry  wood  into  charcoal,  the  great- 
eft  part  is  changed  into  inflammable  air.  If  in- 
ftead  of  burning  the  charcoal  over  water,  the 
operation  was  performed  in  quickfilver,  there 
was  then  no  diminution,  but  rather  an  augmen- 
tation in  the  volume  of  air,  either  on  account  of 
the  fixed  air,  which  was  feparated,  or  of  the  in- 
flammable air,  but  principally  of  the  former. 
When  lj me- water  was  afterwards  expofed  to  this 
air,  it  immediately  precipitated,  and  the  air  was 
diminifhed  one-fifth.  But  it  was  a  Angular  cir- 
cumftance,  that  the  charcoal  which  Dr.  Prieftley 
M  2  made 

*  In  general,  however,  Dr.  Prieftley  feerns  to  thinks 
that  the  greater  the  heat,  and  the  longer  its  continuancea 
the  purer  will  be  the  phlogifton  which  the  charcoal  coa? 
tains.     T.  .H 
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made  ufe  of  in  this  experiment,  and  which 
weighed  exactly  two  grains,  was  found  not  to 
be  fenfibly  diminifhed  in  weight  at  the  end  of 
the  operation. 

When  air  has  been  reduced  by  the  burning 
of  charcoal,  it  extinguifhes  flanie,  is  mortal  to 
animals,  makes  no  effervefcence  with  nitrous  air, 
and  is  capable  of  no  farther  diminution,  either 
by  burning  frefh  charcoal  in  it,  by  a  mixture  of 
brimftone  and  iron  filings,  or  by  any  other  known 
caufe  of  the  diminution  of  air. 


SECTION      VIII. 

OfT  THE  EFFECT  OF  THE  CALCINATION  OF 
METALS,  AND  OF  THE  EFFLUVIA  OF  PAINT 
MADE  WITH  WHITE  LEAD  AND  OIL,    ON  AIR. 

FROM  the  experiments  on  burning  charcoal, 
which  we  have  ju ft  reviewed,  Dr.  Prieflley  was 
led  to  fufpecl,  that  the  diminution  of  air  was 
the  confequence  of.  its  having  more  than  its  ufual 

quantity 
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quantity  of  phlogifton.  The  calcination  of  me- 
tals afforded  him  another  method  of  producing 
the  fame  effect,  or,  according  to  his  ideas,  an 
-emanation  of  phlogifton.  Accordingly  he  fuf- 
pended  pieces  of  lead  and  tin  in  given  quantities 
of  air,  and  threw  the  focus  of  a  burning  mirror 
upon  them.  The  air,  in  this  procefs,  was  di- 
minished one-fourth  ;  the  remaining  portion  did 
not  effervefce  with  nitrous  air^  was  definitive  to 
animals,  like  air  in  which  charcoal  had  burned, 
and  it  was  incapable  of  farther  diminution  by 
the  mixture  of  iron  filings  and  brimftone ;  it  was 
rendered  innoxious,  and,  in  a  great  meafure,  re- 
covered the  other  properties  of  common  air,  by 
warning  in  water.  Whether  Dr.  Prieftley  cal- 
cined tin  or  lead,  in  making  this  experiment, 
he  found  no  fenfible  difference  in  the  properties 
of  the  air.  He  obferved  in  both  cafes,  that  the 
water  acquired  a  yellowifh  tinge,  and  that  a 
thin,  and  whitiili  pellicle  covered  both  the  fur- 
face  of  the  v/ater,  and  the  iides  of  the  phial  in 
which  the  calcination  was  made. 

If  inftead  of  immerfing  the  mouth  of  the  jar, 

which  contained  the  metals,  into  common  water, 

it  was  placecL  in  iime- water,  no  precipitation  fol- 

M  3  lowed, 
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lowed  *,  but  its  colour,  fmell  arid  tafte  were  fen- 
fibly  changed.  If,  inftead  of  lime-  water,  quickfil- 
ver  was  ufed,  the  air  was  only  diminifhed  one-fifth 
inftead  of  one-fourth,  and  upon  water  being  ad- 
mitted to  it,  no  more  was  abforbed. 

It  appears  that  Dr.  Prieftley  attempted  to 
fcalcine  metals  in  inflammable,  in  fixed^  and  in 
nitrous  air,  without  being  able  to  accomplish  it : 
but  he  remarks  that  they  may  be  calcined  in  air 
in  which  charcoal  can  no  longer  burn. 

t)R*  Priestley  accounts  for  all  thefe  pheno^ 
lnena>  by  the  emanation  of  phlogifton-,  that 
fubftance  which  is  feparated  from  burning  char- 
fcoal$  and  from  metals  during  their  calcination, 
ianites^  according  to  his  doctrine^  with  the  air^ 
and  diminifhes  its  volume.  Water  being,  after- 
wards* agitated  with  this  air,  deprives  it  of  its 
jphlogifton,  and  the  air  becomes  reftored  to  its 
natural  ftate.  He,  alfo,  prefumes,  that  vegeta- 
tion corrects  noxious  air,  by  abforbing  the  fuper* 
abundant  phlogifton. 

These 

*  The  fixed  air  being  more  ftrongly  attra&ed  by  the  me- 
tallic cala,  than  by  the  lime.    T.  H. 
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These  confiderations  led  Dr.  Prieftley  to  a 
method  of  explaining  the  caufe  of  the  mifchief 
which  arifes  from  frefh  paint  made  with  white 
lead  and  oil,  which,  according  to  his  account, 
is  an  imperfect  calx  of  lead ;  and  having  painted 
feveral  pieces  of  paper  and  placed  them  under  a 
receiver,  a  fourth  or  fifth  of  the  air  was  found 
tp  be  abforbed  in  twenty-four  hours.  The  re- 
mainder refembled  air  in  which  metals  have  been 
calcined  -9  it  did  not  efFervefee  with  nitrous  air, 
it  was  no  farther  diminifhed  by  a  mixture  of 
brimftone  and  filings  of  iron,  and  it  was  eafily 
reftored  by  fimple  agitation  in  water. 

SECTION     II 

Of  Air  Extracted  by  Means  of  Spirit 
of  Salt,  or  Acid  Air. 

Dr.  PRIESTLEY  has  experienced,  after 
Mr.  Cavendifh,  that  the  difTolution  of  copper, 
by  fpirit  of  fait,  yielded  an  elaflic  vapour.  He 
caught  this  vapour  in  a  veffel  filled  with  quick- 
filver,  and  inverted  into  a  bafon  of  the  fame; 
but  having  afterwards  introduced  fome  water  to 
M  4  it, 
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it*,  almoft  the  whole  of  it  difappeared,  and 
nothing  remained  but  a  portion  of  inflammable 
air. 

f  This  air  turns  lime  water  white ;  but  Dr. 
Prieftley  does  not  think  that  the  milky  colour  is 
owing  to  the  precipitation  of  the  lime,  but  to 
fome  particular  circumftance,  which  he  has  not 
had  an  opportunity  of  afcertaming. 

The  folution  of  lead  in  the  marine  acid  is  at- 
tended with  the  lame  phenomena  :  about  three- 
fourths  of  the  generated  air  difappears,  on  con- 
ta£t  with  water ;  the  remaining  one-fourth  is  in- 
flammable. In  the  folution  of  iron  in  the  marine 
acid,  one-eighth  only  of  the  elaftic  vapour  dis- 
appears on  the  admiflion  of  water ;  and  in  that 
of  tin,  a  fixth,  and  of  zinc,  a  tenth  only.  The 
remainder  of  the  air,  detached  from  iron,  burns 
with  a  green  or  very  light  blue  flame.  Dr.  Prieft- 
ley thinks,  that  this  vapour  is  really  abforbed 

by 

*  Dr.  Prieftley  mentions  that  three-fourths  difappeared. 
f  This  remark  is  omitted  in  Dr.  Prieftleyrs  treatife  oh 
gir,  fince  publifhed,     T,  H. 
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by  the  water,  and  he  is  perfuaded,  that  there  is 
a  point  of  faturation,  beyond  which,  the  water 
is  not  capable  of  receiving  an  additional  quan- 
tity. 

It  is  evident,  from  Dr.  Prieftley's  experi- 
ments, that  the  air,  which  is  treated  of  in  this 
article,  is  merely  fpirit  of  fait  reduced  into 
vapours ;  in  fad,  an  elaftic  vapour,  entirely  fi- 
milar  to  this,  is  obtainable  by  means  of  fpirit  of 
fait  alone,  without  the  neceflity  of  making  any 
metallic  folution.  It  is  therefore  eafy  to  judge, 
from  hence,  that  water  impregnated  with  this 
vapour,  is  nothing  but  fpirit  of  fait,  and  that  it 
has  all  the  fame  properties*. 

Dr.  Priestley  is  fatisfied  that  this  elaftic 
vapour  is  much  heavier  than  common  air.  Two 
grains  and  one-half  of  rain  water  are  capable  of  ab- 

forbing 

*  Since  the  publication  of  Dr.  Prieftley's  Memoir  in 
the  Philofophical  Tranfaclions,  he  has  difcovered,  that 
acid  air  may  be  obtained,  by  having  recourfe  to  the  pro- 

cefs  by  which  the  fpirit  of  fait  is  originally  made.' Vide 

Dr.  Prieftley's  Experiments  and  Obfervations  on  air,  page 
?29.    T.  H. 
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forbing  three  ounce  meafures  of  it ;  after  which 
the  water  is  increafed  double  in  weight,  and  one- 
third  in  its  bulk.  This  vapour,  we  are  told  by 
Dr.  Prieftley,  has  a  very  ftrong  affinity  with 
phlogifton,  it  attracts  it  from  all  other  fubftances, 
and  forms  with  it  inflammable  air.  This  cir- 
cumftance  led  Dr.  Prieftley  to  believe,  that  in- 
flammable air  confifts  of  an  acid  reduced  to 
vapours  united  with  phlogifton.  He  was  con- 
firmed in  his  opinion,  from  having  poured  fpirit 
of  wine,  oil  of  olives,  and  oil  of  turpentine,  to 
this  air,  and  having  expofed  charcoal,  phofpho- 
rus,  and  even  fulphur  to  it,  he  obtained  inflam- 
mable air  from  them  \  this  laft  experiment  feems 
to  fliew,  that  the  marine  acid,  in  this  cafe, 
has  the  power  of  decompofing  fulphur. 

Dr.  Priestley  alfo  fufpended  a  piece  of  falt- 
petre  in  this  air :  it  was  prefently  furrounded  with 
a  white  fume,  in  the  fame  manner  as  if  the  air 
had  been  mixed  with  nitrous  air:  this  experi- 
ment proves  likewife,  that  the  vapour  of  fpirit 
of  fait  is,  in  fome  circumftances,  ftronger  than 
the  nitrous  acid,  as  it  is  able  to  decompofe  it, 
and  difpoffefs  it  from  its  bafis. 

Most 
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Most  kinds  of  liquors  very  readily  abforb  the 
vapour  of  fpirit  of  fait  \  linfeed  oil  abforbs  it 
more  flowly  than  others,  and  becomes  black  and 
glutinous  *. 

*  The  fecond  part  of  Di\  Prieflley's  work  contains* 
alfo  a  great  number  of  experiments  in  which  he  united  this 
acid  air  with  feveral  different  fubftances,  and  with  various 
fuccefs.  Ether  and  acid  air,  when  combined  and  fuffered 
to  efcape  into  the  open  air,  formed  a  vifible  fume  like  a 
white  cloudy  having  the  fmell  of  ether,  but  peculiarly  of- 
fensive. Liver  of  fulphur  did  not  unite  with  acid  air,  fo  as 
to  form  inflammable  air.  It  imbibed  half  of  the  air  to 
which  it  was  expofed ;  one-fourth  of  the  remainder  was 
imbibed  by  water,  and  the  remainder  extinguished  a  candle. 
This  experiment,  the  Doctor  thinks,  feems  to  prove*  that 
acid  air  and  phlogiflon  may  form  a  permanent  air,  not  in- 
flammable. And  he  fufpects,  that  it  may  be  air  in  fuch  a 
Hate  as  common  air  loaded  with  phlogiflon,  and  deprived 
of  its  fixed  air ;  or  rather  the  fame  thing  as  inflammable 
air,  which  has  loft  its  inflammability  by  long  Handing  in 
water. 

Quick-lime  being  put  to  acid  air  yielded  abortion  of 
air  which  was  ftrongly  inflammable;  a  proof  that  fome 
part  of  the  phlogiflon,  which  efcapes  from  the  fuel,  in  con- 
tact with  which  the  lime  is  burned >  adheres  to  it.  But 
Dr.  Prieflley,  by  no  means*  imagines  the  cauflicity  of 
quick-lime  to  depend  on  this  circumflance. 

The  fpecific  gravity  of  acid  air,  does  not  appear  to  be 
far  different  from  that  of  the  atmofphere. 

SECTION 
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SECTION     X. 

Miscellaneous  Observations. 

Dr.  PRIESTLEY  places  under  this  head, 
fame  experiments  which  he  could  not  arrange 
under  the  preceding  divifions.  He  filled  a  bot- 
tle with  fmall  beer,  and  placed  it  under  a  jar 
Handing  in  water ;  during  fome  of  the  firft  days 
there  was  an  increafe  of  the  quantity  of  air,  and 
afterwards  a  gradual  diminution,  which  proceed- 
ed to  about  a  tenth  of  the  original  quantity  of 
air.  The  beer,,  after  this  period,  was  four;  the 
air,  which  remained^  extinguished  candles,  but 
having  mixed  it  with  four  times  the  quantity  of 
fixed  air,  a  moufe  lived  in  it  as  in  common  air. 

Our  author  eftablifhes  it,  as  a  principle,  that 
every  kind  of  factitious  air  is  noxious  to  animals, 
except  that  which  is  extracted  from  faltpetre  by 
detonation,  in  which  a  candle  not  only,  burned*, 
but  the  flame  was  even  augmented,  with  a  kind 

of 

*  Subsequent  experiments  made  it  probable,  that 
though  a  candle  burned  in  the  manner  related,  an  animal 
would  not  have  lived  in  it.  Vide  Prieitley's  Experiment^ 
and  obfervations,  page  245. 
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of  hiffing,  when  the  air  had  been  newly  feparated. 
Without  doubt  it,  at  that  time,  (till  contained 
fome  particles  of  nitre  which  were  not  decom- 
pofed.  Dr.  Prieftley  having  kept  this  air,  for  a 
year,  found,  at  the  end  of  that  time,  that  it  was 
extremely  noxious  to  animals ;  but  having  warn- 
ed it  in  rain  water,  it  recovered  its  wholefome- 
nefs,  and  effervefced  with  nitrous  air  in  the  fame 
manner  as  common  air  does. 

Dr.  Priestley  has  alfo  tried  the,  effect  of 
the  vapour  of  camphor,  and  of  volatile  alkali 
on  animals.  A  moufe  being  placed  in  a  bottle 
filled  with  this  air,  was  not  very  much  incom- 
moded; it  fneezed  and  coughed,  efpecially  after 
it  was  taken  out,  but  there  did  not  remain  any 
fenfible  injury. 

This  work  is  terminated  by  fome  very  remark- 
able experiments  on  common  air,  agitated  a  long 
time  with  water;  he  inverted  jars,  filled  with 
common  air,  into  boiling  water ;  in  a  fhort  time, 
four-fevenths  of  that  air  was  abforbed  ;  the  re- 
maining part  extinguilhed  flame,  but  it  was  not 

detrimental 
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detrimental  to  animals.  The  quantities  abforb- 
ed  were  not  always,  exactly,  the  fame,  but  this 
circumftance,  doubriefs,  depended  on  the  ftate 
of  the  water  employed. 

The  air,  of  which  a  part  had  been  thus  ab- 
forbed,  could  not  eafily  be  reftored,  even  by  the 
vegetation  of  plants. 

Dr.  Priestley  has  obferved,  that  a  pint  of 
water  from  his  own  pump  contained  about  one- 
fourth  of  an  ounce  meafure  of  air  *,  this  air  ex- 
tino-uifhed  candles,  but  was  not  fatal  to  a  moufe. 
He  alfo  kept  common  air  in  receivers  for  a  very- 
long  time,  with  a  view  of  being  fatisfied  whe- 
ther its  remaining  in  a  ftate  of  ftagnation  would 
make  any  alteration  in  it.  After  feveral  months 
he  tried  it,  and  found  it  as  falubrious,  as  it  was 
the  moment  he  firft  confined  it,  and  it  fermented 
as  ftrpngly  with  nitrous  air. 

Dr.  Priestley's  paper  is  followed  by  fome 
experiments  of  Mr.  Hey  *3  the  object  of  which 

*  An  ingenious  Surgeon- Apothecary  at  Leeds  jn  York- 
fhire. 

is 
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is  to  prove  that  water  impregnated  with  fixed 
air,  feparated  from  chalk  by  oil  of  vitriol,  does 
not  contain  any  other  part  of  the  ingredients 
which  have  contributed  to  furnifh  the  air.  This 
water  does  not  change  the  colour  of  fyrup  of 
violets,  whereas  a  fingle  drop  of  the  vitriolic 
acid  diluted  in  a  pint  of  water,  turned  it,  very 
fenfibly,  of  a  purplifh  caft. 

This  water  rather  curdled  a  folution  of  foap 
in  water ;  but  this  effecl:  Mr.  Hey  attributes  to 
the  combination  of  the  fixed  air,  with  the  cau- 
flic  alkali  of  the  foap,  which  occafions  a  repa- 
ration of  part  of  the  oil.  It  alfo  renders  turbid 
a  folution  of  fugar  of  lead. 

As  a  fequel  to  thefe  experiments,  is  added  a 
letter  from  Mr.  Hey  to  Dr  Prieftley,  on  the  ef* 
fects  of  fixed  air,  applied  by  way  of  clyfter,  in 
putrid  difeafes  *. 

CHAP. 

*  It  is  with  particular  pleafure  that  I  can  congratulate 
the  public  on  the  acquifition  of  fo  valuable  an  addition  to 
the  materia  medica.  Dr.  Percival  has  favoured  the  pub* 
Ik  with  fome  cafes  in  which  fixed  air  thrown  into  the  in- 

teftines, 
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CHAPTER     XVI 

EXPERIMENTS   on  LIME,  bv  Mr. 
DUHAMEL*. 

I  HAVE  already  declared,  that  I  deferred  giv* 
ing  an  account  of  Duhamel's  experiments  on 
lime,  that  I  might  not  interrupt  the  thread  of 

my 

*  This  Chapter  is  extracted  from  the  memoirs  of  the 
Royal  Academy  of  Sciences,  for  the  year  1747. 


teftines,  by  way  of  clyfler,  produced  coniiderable  benefit, 
and  that  gentleman's  practice,  and  the  obfervation  of  other 
ingenious  phyficians  have  iince  furniihed  fome  additional 
cafes  in  which  the  good  effects  of  this  medicine  were  in- 
difputable.  It  has  alfo  been  applied  with  great  fuccefs,  as 
a  fumigation  to  foul  ulcers,  and  I  have  ufed  it  with  the 
moft  happy  event,  in  putrid  fore  throats,  and  ulcerated 
mouths  and  gums,   attended  with  putrid  fymptoms. 

The  inltrument  which  Mr.  Hey  ufed  for  conveying  trie 
fix*ed  air,  was  that  employed  for  tranfmitting  the  fumes  of 
tobacco  into  the  inteitiaes,  one  end  of  a  bladder  was  tied 

to 
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my  narration,  relative  to  fixed  air.  I  now  haften 
to  do  juftice  to  that  celebrated  academician  ;   it 

is 

£0  the  tube  of  this  apparatus,  detached  from  the  box,  and 
the  other  end  round  the  neck  of  the  bottle,  which  contain- 
ed the  chalk  and  vitriolic  acid.  It  is  better  to  faften  one 
end  of  the  bladder  to  a  perforated  cork*,  and  the  other  to 
a  flexible  leather  tube,  to  which  another  bladder  and  clyfter 
pipe  may  be  affixed.  By  this  means  the  effervefcence  may 
be  kept  up  as  long  as  the  operator  thinks  proper,  by  un- 
corking the  bottle,  and  adding  more  acid  or  chalk.  And 
the  feccnd  bladder  ierves  to  unite  the  clyfter  pipe  and  lea-? 
them  tube.  By  this  means  I  have  injected  fixed  air  intQ 
the  bowels  with  great  facility  and  convenience, 

Since  the  publication  of  this  memoir  in  the  Philofophi-? 
cat  Tran factions,  Dr.  Prieilley,  as  I  have  before  obferved, 
has  republifhed  it,  with  additions  to  each  article,  and  one 
entirely  new  fection,  containing  obfcrvatious  on  alkaline 
air,  which  he  procured,  with  the  mgft  eafe  and  conveni- 
ence, from  the  materials  ufed  for  the  production  of  the 
cauftic  fpirit  of  fal  ammoniac.  Many  obfervations  are  to 
be  met  with  in  this  part  of  the  Doctor's  work,  and  ano- 
ther part  contains  many  ingenious  queries,  {peculations 
and  hints.  I  have  felected  from  that  volume,  fuch  paf? 
fages  as  were  necefTary  to  elucidate  Mr.   Lavoifier's  de- 

*  Vide  Dr.  Frhjlley* $  diretlions  for  impregnating  water  with 

fixed  air. 

N  till 
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is  well  known  that  there  are  few  branches  cf 
icience  which  have  not  been  enriched  by  him. 

Mr.  Duhamel  has  remarked,  that  white 
marble  calcined  in  a  very  ftrong  fire,  loft  about 
a  third  of  its  weight;  but  ftill  it  was  not  calcined 
quite  to  the  center,  and  there  remained  a  nucle- 
us in  the  middle,  which  partook  as  much  of  the 
nature  of  marble  as  of  lime.  The  lime-ftone  of 
Courcelles,  from  whence  is  brought  almoft  all 
the  lime  which  we  ufe  in  our  buildings,  was 
not  nearly  fo  difficult  to  calcine,  and  it  appear-* 
ed,  in  general,  that  the  calcination  was  more 
readily  and  eafily  performed,  in  proportion  ta 
the  foftnefs  of  the  (lone.  The  courcelles  ftones 
lofe,  by  calcination,  about  eight  ounces,  four 
drachms,  from  a  pound  weight,  viz.  fomething 
more  than  half  their  weight.  Expofed,  after- 
wards, to  the  air,  they  crack,  fall  into  powder3 
and  regain,  by  degrees,  part  of  the  weight  which 
they  had  loft  ^  but  there  ftill  want  five  ounces 

tail  of  the  firfl  memoir,  but  it  would  be  doing  injuftice  to  the 
ingenious  author's  performance  to  attempt  any  farther  ab- 
ridgement of  it.     T.  H<, 

and 
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and   an   half  in   the  pound,   to  make  up  the 
weight  which  they  pofTefTed  before  calcination. 

Mr.  Duhamel  has  made  fome  inquiries  into 
the  quantity  of  water  neceflary  to  flake  lime. 
He  took  fixteen  ounces  of  Conrcelles  lime ;  he 
flaked  it  with  water,  till  it  was  of  the  confidence 
of  a  thin  pafte,  and  he  left  it  to  dry  in  the  air> 
after  which  it  weighed  twenty-fix  ounces,  and 
had  therefore  acquired  an  augmentation  of  ten 
ounces.  This  lime,  having  been  kept,  a  very 
cpnfiderable  time,  in  the  heat  of  a  ftove,  was  noc 
perceptibly  diminiilied  in  weight. 

The  quantity  of  water  abforbed  by  lime  pre- 
pared from  marble,  is  much  more  considerable 
than  that  abforbed  by  the  Courcelles  lime. 

Mr.  Duhamel  tried  to  drive  off,  by  fire,  the 
fame  water  which  he  had  introduced  into  the 
lime,  but  he  found  great  difficulty  in  perform- 
ing  it ;  and  although  he  made  ufe  of  a  melting 
furnace,  in  which  the  fire  was  excited  by  a  ftrong 
blaft,  the  lime,  uniformly,  retained  an  increafe 
of  weight  amounting  to  four  drachms  and  an 
N  2  half 
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halt  per  pound.  It  was,  without  doubt,  occa- 
fioned  by  the  remainder  of  the  water  which  could 
not  be  feparated.  This  lime  was  then  in  the 
(late  of  quick- lime,  and  preiented  the  fame  phe- 
nomena. 

Mr.  Duhamel's  memoir,  moreover,  con- 
tains very  numerous  and  interefting  experiments 
on  quick-lime,  and  its  combination  with  acids ; 
but  as  they  would  be  foreign  to  my  fubjecT:,  I 
(hall  not  enter  into  a  detail  of  them  here.  I 
fhali  content  myfelf  with  relating,  that  lime, 
combined  with  the  three  mineral  acids,  did  not 
afford  compounds  different  from  thole  obtained 
from  chalk,  and  all  the  other  pure  calcareous 
earths.  Mr.  Duhamel  has  remarked,  that  a 
quick  and  penetrating  vapour  is  difcharged,  in 
all  thefe  combinations,  which  precipitates  a  fo- 
lution  of  filver,  and  this  circumftance  added  to 
its  odour,  induced  him  to  fufpeft  that  it  was  the 
marine  acid. 

Mr.  Duhamel  dofcs  this  memoir,  with  a 
particular  obfervation,  which  was  entirely  new 
at  the  time  of  its  publication  :  he  diffolved  fait 

of 
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of  .tartar  in  diftilled  watery  and,  on  evaporation, 
he  obtained  cryflals  from  it ;  from  whence  it  is 
evident,  that  the  original  difcovery  of  the  cryftal- 
lization  of  alkalis,  belongs  to  Mr.  Duhamel. 

CHAPTER    XVIL 


OBSERVATIONS  concerning  FIXED  AIR, 

AND    THE    EFFECTS    OF   CERTAIN  MINERAL 

WATERS,  by  Mr.  ROUELLE,  LECTU- 
RER in  CHEMISTRY  at  the  ROYAL 
BOTANICAL  GARDEN  in  PARIS  *. 

FIXED  air  becomes  daily  the  objecl;  of  che- 
mical, and  dill  more,ofphyficalinveftigation. 
The  celebrated  Mr.  Hales,  was  in  fome  degree, 

the 

*  The  work  which  I  am  now  publishing  on  Elaflic  Va- 
pours and  the  Fixation  of  Air  in  bodies,  was  nearly  finilh- 
ed,  and  I  was  preparing  to  read  it  at  the  Academy  when 
thefe  obfervations  of  Mr.  Rouelle  made  their  appearance. 
As  they  are  fhort,  and  as  they  are,  in  other  refpects,  very 

N  3.  intereit- 
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the  firft  who  has  pointed  out  the  road,  by  the 
work  which  he  has  left  us  on  that  fubjecl:.  MefTrs. 
Black  and  Macbride  have  added  a  very  interefl> 
ing  feries  of  experiments  affording  much  light. 
And  laftly  ;  Dr.  Prieilley  at  London,  and  Mr. 
Jacquin  at  Vienna,  have  fo  ably  fupported  Dr. 
Black's  doctrine,  that  this  fubjecl:  is  become  one 
of  the  moft  interefting  in  chemiftry  and  phy- 
fics,  from  the  immediate  relation  which  this 
recently  known  fubftance  may,  and^  mud  have 
with  an  infinite  number  of  the  phenomena  of 
nature. 

I  shall  confine  myfelf,  at  prefent,  to  the  re- 
lation which  fixed  air  appears  to  have  with  cer- 
tain mineral  waters,  and  fome  grand  phenome- 
na in  nature,  and  I  mall  relate^  as  fuccinctly  as 

pofiibJe, 

Interefting  and  not  very  capable  of  abridgment,  I  thought 
that  the  public  would  approve  of  my  giving  them  at  large. 
I  have  therefore  only  tranfcribed,  verbatim,  the  article, 
from  Mr.  Roux's  Journal  de  Medicine,  for  the  month  of 
3Vlay  lafl*,  where  thefe  obfervations  are  printed  ;  and  it  is 
DO  longer  I,  but  Mr.  Ropelle  who  fpeaks  in  this  chapter, 

*  Mr.  Lauolfisr 's  Work  was puhlijhed  1 774. 
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poflible,  fome  experiments,  which  give  us  a 
knowledge  of  its  ufe,  and  of  its  effects  on  the 
iron  which  is  found  in  thefe  waters,  and  afford  a 
folution  of  fome  facts  which  cannot,  in  my  opi- 
nion, be  explained  without  it. 

Distilled  water,  river  water,  in  fhorr,  the 
pureft  waters,  as  Dr.  Prieftley  has  marked  are 
eafily  impregnated  with  fixed  air;  and  then  they 
have  the  fame  tarle,  the  fame  flavour,  and  af- 
ford the  fame  appearances,  as  thofe  mineral  wa- 
ters which  are  properly  called  acidulous.  This 
has  been,  already,  firft  completely  demonftrated 
by  Mr.  Vend*.     The  experiments  in  proof  of  it 

are 


•Mr.  Rouelle,  in  this  place,  and  Mr.  Lavoiiierin  his 
account  of  Mr.  Venel's  experiments,  page  33,  have  attri- 
buted the  firft  difcovery  of  the  natural  impregnation  of 
water  to  this  ingenious  profeffor.  I  mould  think  myfeif 
inexcufeable,  therefore,  if  I  did  not  take  this  opportunity 
of  doing  juflice  to  the  merits  of  our  very  worthy  and  learn- 
ed countryman  Dr.  Brownrigg,  and  this  cannot  be  done 
more  efreclually  than  by  tranfcribing  a  paifage  from  Sir 
John  Pringle's  elegant  Difcourfe  on  the  different  kinds  cf  air, 
delivered  before  the  Royal  Society ,  November  30,   1773.     I 

N  4  (hall 
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are  known,  and  I  have  only  repeated  them,  that 
they   might  lead   me  more    certainly,   to  thofe 

which 
i 

lhall  only  obierve*  that  the  memoir  containing  the  account 
of  Mr.  Venel's  experiments  was  not  read  before  the  Royal 
Academy  of  Sciences  till  the  year  1750,  and  that  he  has 
fuppofed  the  air,  contained  in  the  waters  which  have  been 
Called  acidulous,  to  be  common  atmofpherical  air. 

The  learned  Prefident  having  iirfr.  informed  us  that  he 
believes  Dr.  Seip  of  Pyrmont  had,  originally,  fuggeiled  the 
notion  concerning  the  impregnation  of  the  mineral  waters 
by  the  mephitis,  in  a  treatife  publiihed  in  the  German 
language,  and  afterwards  in  a  communication  to  the  Royal 
Society  in  the  year  1736,  though  that  author  feems  not  to 
have  rightly  underftood  the  nature  of  that  vapour,  proceeds 
in  the  following  manner.     T.  H. 

te  Thus  the  fuller  difcovery  of  this  principle  we  owe  to 
<c  Dr.  Browhrigg  of  Whitehaven,  who  about  thirty  years 
"  ago,  began  clearly  to  unfold  this  myitery.  But  thofe  cu- 
"  rious  papers  were  not  then  inferted  in  the  Tranfactions, 
"  as  the  too  modeit.  author  had  requelted  a  delay,  till  he 
"  mould  be  able  to  make  them  more  worthy  of  that  ho- 
*<  nour."  In  that  communication  he  remarks  "  that  a  more 
*e  intimate  acquaintance  with  thofe  nitrous  airs  in  mines 
*s  called  damps,  might  lead  to  the  difcovery  of  that  prinei- 
Kt  pie  of  mineral  waters,  known  by  the  name  of  their Jpjrit; 

"  that 
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which. I  afterwards  made,  and  of  which  I  mall 
proceed  to  give  an  account. 

ift.  Some  diftilled  water  was  impregnated 
with  fixed  air  after  Dr.  Prieftley's  ntanner.  I 
then  immediately  took  a  bottle  of  it,  to  which 
I  added  a  fmall  quantity  of  iron  ore,  of  the  na- 
ture of  the  eagle  {tone,  finely  powdered.  This 
ore  is  not  attracted  by  the  magnet,  at  leaft  not 

fenfibly 


:<  that  the  mephitic  exhalations  termed  the  choak  damp,  he 
;s  had  found  to  be  a  fluid  permanently  elaftie  j  and  from 
:f  various  experiments ■,  he  had  reafon  to  conclude,  that  it 
u  entered  the  composition  of  the  waters  of  Pyrmont,  Spa-> 
'•'  and  others;  imparting  to  them  that  pungent  tafle,  from 
:i  which  they  are  denominated  acidulte,  and  likewife  that 
E<  volatile  principle,  on  which  their  virtues  chiefly  depend. 


c(  In  order  to  afcertain  a  fact  of  fo  much  confequence* 
%t  Dr.  Brownrigg  took  the  opportunity,  when  at  Spa  feve- 
"  ral  years.,  to  make  fome  experiments  for  this  purpofe ; 
"  when  he  had  the  fatisfaclion  to  iind  thofe  waters  preg- 
ii  nant  with  the  artificial  or  faclitious  air  of  Mr.  Boyle,  the 
€C  fame  with  that  of  the  fufFocating  grot t a  near  Naples, 
"  and  the  fame  with  the  choak  damp  of  our  coal-mines ;  for 
"  as  much  as  this  air  inftantly  extinguished  flame,  and  the 
u  life  of  thofe  animals  he  had  inelofed  in  it." 
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fenfibly  fa.  The  bottle  was  corked  in  the  clofeft 
manner  poflible,  and  then  let  by,  inverted  for 
twenty  four  hours*.  It  had  then  difTolved  a 
fufHcient  quantity  of  iron,  to  produce  with  an 
Infufion  of  galls,  a  ftrong  vinous  violet  tint,  ra- 
ther tending  to  black. 

The  liquor  which  is  prepared  to  precipitate 
the  Pruflian  blue,  or  phlogiftigated  alkali* 
firuck  with  it  a  greenifh  blue  colour,  and  after 
fome  days  a  portion  of  precipitate  was  formed, 
which  was  true  Pruflian  blue. 

^  This  water  thus  impregnated  with  air  having 
been  boiled,  loft  all  its  properties.  It  became 
turbid,  depofited  an  okery  matter,  and  no  long- 
er produced  the  violet,  green,  or  blue  tint  with 
galls,  or  the  phlogifticated  alkali. 

Exposed  to  the  open  air  for  feveral  days,  it 
loft,  iikewife,  all  its  properties,   and  precifely  in 

the 

*  If  fome  iron  filings  be  placed  in  the  bafon,  which  is  ufed 
in  Dr.  Priefiley  procefs  for  impregnating  water  with  fixed  air, 
the  water  diilbives  a  fufncient  quantity  of  iron  during  the  time 
£hat  the  other  operation  is  performing.     T.  H. 
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the  fame  manner  as  thofe  mineral  waters  which. 
Mr.  Monnet  calls  ferrugineous. 

I  am  not  the  firft  perfon  who  has  thought  of  dif- 
folving  pure  iron  into  water  by  means  of  fixed 
air.-  Dr.  Prieftley  informs  us,  that  his  friend 
Mr,  Lane  has  put  iron  filings  into  this  mixed  wa- 
ter\  and  that  he  made  aftrong  and  agreeable  cha- 
lybeate or  iron  water,  Jimilar  to  fome  natural  wa- 
ters which  contain  iron  in  folution,  by  means  of 
fixed  air  only  without  any  acid. 

But  it  is  well  known  that  iron  is  very  rarely 
found  in  the  bofom  of  the  earth,  joined  with  all 
its  phlogifton,  and  that  ^nature  feldom  has  iron 
filings  in  her  pofTefiion.  I  therefore  thought  that 
I  ought  to  direct  my  experiments  t(5  a  martial 
fubftance  more  commonly  to  be  found ;  and,  for' 
this  reafon,  I  preferred  the  iron  ores  of  the  eagle- 
ftone  kind,  which  are  very  plentiful,  and  to  be 
met  with  every  where. 

2dly,  A  pint  of  diftilled  water,  four  grains 
pf  fea-falt,  with  an  earthy  bafis,  twelve  grains  of 
jE'pfom  fait,  and  as  much  iron  ore  as  you  pleafe, 

for 
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for  the  water  takes  up  but  a  fmall  quantity,  not 
being  capable  of  difiblving  more. 

This  water  being  impregnated  with  air,  yields, 
with  galls,  a  ftrong  violet,  or  red  wine,  color, 
and  with  the  liquor  of  PrufTian  blue,  a  d  eepifh 
green  color  tending  towards  blue. 

3dly,  Water,  impregnated  with  air,  to  a 
pint  of  which  twelve  grains  of  fea-falt,  and  eigh- 
teen grains  of  fixed  mineral  alkali,  had  beea 
added,  took  up  lefs  iron  than  the  preceding. 
The  violet  color,  by  the  galls,  and  the  greenilh 
blue,  by  the  phlogifticated  alkali  were  more  pale 
and  languid.  It  is  true,  that  both  thefe  colors 
fhewed  themfelves,  a  little,  after  fome  time. 

This  water  loft,  by  boiling,  the  property  of 
turning  green  with  the  phlogifticated  fixed  alka- 
li •,  but  an  infufion  of  galls  ftill  fhewed  fome 
traces  in  it  of  iron. 

River  water  impregnated  with  fixed  air,  and 
to  which  a  fmall  quantity  of  iron  ore  was  added, 

ftruck, 
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ftruck,  with  galls,  a  very  deep  violet  color,  and 
a  beautiful  blue  with  the  phlogifticated  alkali. 

Some  of  this  ore  being  mixed  with  the  fame 
pure  river  water  un impregnated  with  air,  and  the 
bottle  being  well  (topped,  and  frequently  fhaken 
up,  at  the  end  of  twenty  four  hours  the  water 
yielded  no  figns  of  the  prefence  of  iron,  by  either, 
of  the  tefts. 

Mr.  Monnet,  in  his  treatifeon  mineral  waters, 
propofes,  as  an  approved  method  of  making  a 
chalybeate  water  without  air;  to  inclofe  frefli 
iron  filings  in  a  bottle,  well  corked,  and  to  fliake 
it  frequently  for  feveral  days. 

I  shall  have  an  opportunity  of  fpeaking,  on 
another  occafion,  of  this  manner  of  making  fer- 
rugineous  waters  without  fixed  air.  There  are 
feveral  natural  waters,  in  facl,  which  contain  iron, 
without  that  intermedium,  as  Mr.  Monnet  has 
demonftrated. 

5thly,  Pure  Arcueil  water,  unimpregnated 
with  air,  to  which  the  fame  ore  had  been  added, 

gave 
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gave  no  marks  of  the  prefence  of  iron,  when 
tried  by  the  tefls.  I  furnifhed  it  with  air,  and 
the  iron  was  prefently  dhTolved :  galls  afforded 
me  a  violet  colour,  which  fhewed  itfelf  gradual- 
ly ;  and  the  phlogifticated  alkali  (truck,  imme- 
diately, a  deepifh  green  colour. 

Some  fpirit  of  fait  was  added  to  this  water, 
with  an  intention  of  faturating,  in  part,  the  ab- 
forbent  earth  which  it  keeps  in  a  (late  of  folu- 
tion.  I  afterwards  impregnated  it  with  fixed  air, 
and  I  obtained,  by  the  tells,  the  common  violet, 
and  blue  or  green  colors;  but  each  of  them  was 
lefs  deep  than  in  the  preceding  waters.  It  feems 
as  if  the  prefence  of  the  falts  and  earth,  with 
which  fome  waters  are  loaded,  impedes  greatly 
the  folution  of  the  iron.  I  have  however  found, 
that  my  own  well  water  fufpends  a  fmall  quan- 
tity of  iron  without  any  air.  This  water,  being 
boiled,  depofites  all  the  iron,  fo  as  not  to  be 
affedted  by  the  teds. 

6thly,  Pure  Sein  water,  furnifhed  with  air, 
by  the  common  apparatus,  from  the  vapour 
which  is  feparated  during  the  precipitation  of 

hepar 
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hepar  fulphuris,  by  acids,  and  mixed  with  the 
fame  ore,  fcarcely  changed  colour  with  infufion 
of  galls,  and  not  at  all  with  the  phlogifticated 
alkali.  However,  it  muft  be  obferved,  that  not 
only  iron  ore,  but  alfo  calcined  faffrons  of  iron., 
not  attractable  by  the  magnet,  as  the  faffron  of 
the  refiduum  of  corrofive  fublimate,  and  that 
which  is  called  the  Berlin  Red,  turn  black  pretty 
readily  when  they  are  mixed  with  that  water  im- 
pregnated with  this  vapour. 

Water  furnifhed  with  this  vapour,  receives 
the  tafte  and  a  ftrong  fmell  of  the  hepar ;  and 
retains  them  both  for  a  confiderable  time,  even 
in  the  open  air;  but  it  grows  turbid,  and  be- 
comes like  whey  which  has  not  been  clarified  * 
this  is  to  be  attributed  to  a  very  minutely  divided 
portion  of  fulphur,  which  feparates  from  the 
water  and  precipitates. 

This  vapour,  which  arifes,  in  the  precipita- 
tion of  hepar  by  all  the  acids,  is  very  inflamma- 
ble*.    It  is  (till  fo  after  having  paffed  through 

water. 

This  Note  is  Mr.  RoueHe's. 
*  I  thought  that  I  had  been  the  nrft  who  had  feen  this 
phenomenon,  but  on  recollection,  Mr.  Meyer  has  mention- 
ed 
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water,  with  which  it  forms  fcarcely  any  union ; 
which  induces  me  to  believe  that  it  contains  very 
little  true  and  pure  fixed  air,  although  it  be  very 
copiouily  difcharged  by  the  effervefcence  of  the 
acids  with  the  alkali  of  the  hepar;  but  I  fee 
from  the  phenomena  which  it  prefencs,  that  it  is 
here,  as  in  the  foiutions  of  the  metals  by  acids, 

in 

ed  it.  It  was  chance  which  offered  it  to  him  as  well  as  to 
me.  My  brother  and  I  were  employed  in  the  year  1774 
to  examine  fome  gold  coin  which  was  fuppofed  to  be  fo  al- 
loyed, that  none  of  the  ufual  methods  ufed  for  the  allaying 
and  purification  of  gold  could  feparate  it.  We  had  at  that 
time  four  ounces  in  folution  by  the  hepar.  The  precipi- 
tation was  made  at  night ;  the  candle  was  near,  and  I  be- 
held myfelf  furrounded  on  every  fide  with  a  large  flame, 
of  which  X  foon  knew  the  caufe.  Mr.  Meyer  feems  to  at- 
tribute the  inflammability  of  this  vapour  to  a  portion  of 
real  fulphur,  which  is  divided  in  fuch  a  manner,  that  it  is 
volatilized,  and  carried  away  with  the  torrent  of  the  va- 
pour, in  which,  I  prefume,  he  was  miftaken.  The  vapour 
itfelf  is  inflammable,  and  any  portion  of  fulphur  it  may 
contain,  burns  with  it,  and  is  only  an  accefTory  to  its  in- 
flammation ;  for  if  we  agitate  this  vapour,  thus  loaded 
with  fulphur,  in  water,  the  fulphur  is  feparated,  as  I  Have 
remarked  above ;  but  the  vapour,  though  deprived  of  this 
foreign  fulphur,  does  not  ceafe,  on  that  account,  to  be 
inflammable. 
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in  a,  very  different  flare  from  common  fixed  air. 
Thus  water  is  but  (lightly,  and  with  great  diffi- 
culty, impregnated  with  that  vapour.  Dr. 
Prieftley  has  made  the  fame  Gbfervatiom 

•  7thly,  I  took  a  pint  of  pure  river  water,  I 
then  added,  according  to  Mr,  Venei's  procefsP 
two  drachms  of  fixed  mineral  alkali,  and  fix 
drachms  of  fpirit  of  fait,  which  from  fome  pre- 
vious experiments,  was  the  quantity  neceffary  to 
faturate  that  quantity  of  alkali;  The  bottle  was 
clofely  corked  during  the  time  of  effervefcence. 
Twenty-four  Irours  after  I  opened  it  carefully, 
that  I  might  introduce  fome  iron  ore,  and  I 
corked  the  bottle  again  immediately. 

When  forty-eight  hours  had  elapfed,  the  wa- 
ter, ftill,  fhewed  marks  of  air  both  to  the  eye 
and  tafte ;  but  only  became  moderately^  brown 
with  infufion  of  galls,  and  fcarcely  turned  green? 
fome  time  after,  by  the  addition  of  phlogifticated 
alkali. 

8thly,  I  caught,  in  a  bladder,  the  vapour 

which  arifes  from  a  folution  of  iron  in  fpirit  of 

O  fait, 
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fait.  This  vapour  which  is  inflammable,  and 
remains  fo  a  long  time,  incorporates  very  diffi- 
cultly with  water  ; ;  but  however  fmall  the  quan- 
tity may  be  which  the  water  receives,  it,  never- 
thelefs,  contracts  a  very  fenfible  odour  like  hepar 
fulphuris,  or  rotten  eggs. 

Water,  alfo,  abforbs  but  a  very  fmall  quan- 
tity of  the  vapour  which  arifes  on  the  folution  of 
iron  in  the  vitriolic  acid ;  but  it  does  not  con- 
tract the  fame  fulphurous  fmell  as  that  in  the 
laft  experiment. 

The  air  which  is  feparated  from  bodies,  is, 
then,  in  two  very  different  ftates.  In  fome,  ic 
is  pure  fixed  air,  which  combines  with  water 
in  a  quantity  at  lead  equal  to  it  in  bulk,  and 
communicates  to  it  many  properties,  and  among 
others  thofe  of  diffolving  iron',  and  of  precipi- 
tating lime-water,  in  the  fame  manner  as  fixed 
air  itfelf,  &c.  Such  is  the  air  which  is  detached 
by  the  combination  of  acids  with  alkaline  and 
calcareous  fubftances,  the  vapour  which  arifes 
from  fpirituous  liquors  in  actual  fermentation, 

and 


ELASTIC  VAPOURS.  i95 

and  that  of  charcoal.     In  all  thefe  cafes  this  va- 
pour, or  fixed  air,  is  not  inflammable. 

On  the  contrary,  that  which  is  feparated  in 
the  precipitation  of  liver  of  fulphur,  by  any  of 
the. three,  mineral  acids,  or  by  the  acetous  acid, 
that  which  is  plentifully  fupplied  from  the  folu- 
tions  of  iron  and  zinc  in  the  vitriolic  and  alfo  in 
the  marine  acids,  are  very  inflammable.  This 
vapour  pafTes  through  water  without  incorpo- 
rating with  it,  and  without  lofing  its  inflamma- 
bility, which  it  retains  for  a  long  time.  Jt  com- 
municates to  water  very  fenfibly  the  tafte  and 
fmell  which  attends  the  precipitation  of  liver  of 
fulphur.  But  yet  it  differs  from  common  fixed 
air,  in  not  precipitating  lime-water  ;  and  to  fpeak 
enpaffant,  it  may  be  compared  to  the  air  ob- 
tained by  the  diftillation  of  animals  and  vegeta- 
bles, which  Dr.  Hales  firft  examined,  and 
which  he  has  recorded  as  being  inflammable  a 
long  time  after. 

Not  that  there  is  not  much  air  difcharged 

both  in  the  precipitation  of  hepar  fulphuris,  and 

in  metallic  folutions ;   but  it  is  evidently  com- 

O  2  bined 
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bined  with  a  great  quantity  of  phlogifton,  and 
it  is  in  proportion  to  this  combination,  that  the 
air  is  more  or  lefs  immifcible  or  infoluble  in  wa- 
ter, and  becomes  inflammable. 

If  we  now  caft  a  view  upon  what  panes  in  the 
great  works  of  nature  •,  I  believe  that  the  fame 
difference  exifts  between  that  incoercible  being, 
if  I  may  be  allowed  the  expreffion,  which  flies 
off  from  the  cold  mineral  waters,  which  are  falfely 
called  acidulous,  as  thofe  of  Buflans,  Seltzer, 
&c.  and  the  fulphureous  vapour  which  arifes 
from  the  warm  waters,  as  thofe  of  Aix-la-Cha- 
pelle,  Bareges,  Canterets,  &c.  In  the  firft  it 
appears,  that  this  being  is  nothing  but  fixed  air, 
the  fame  as  is  obtained  by  Dr.  Pffeftley's  method. 
Inflead  of  which,  the  fulphureous  vapour  of  the 
Aix-ia-Chapelie  waters,  &c.  muft  have  a  great 
refemblance  to  that  which  is  feparated  in  the 
precipitation  of  the  hepars. 

It  might  be  hoped  that  the  chemifrs,  who  are 
more  nearly  fituated  to  thofe  waters,  would  veri- 
fy this  conjecture,  and  alfo  inform  us  whether 
that  vapour   be  inflammable  like  this   of  the. 

hepars* 
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heparSi  It  is  certain,  that  the  latter  has  precifely 
the  fame  colour  as  that  which  proceeds  from  the 
mineral  waters.  It  has  alfo  the  property,  even 
when  introduced  into  water,  of  turning  filver 
black ;  as  well  as  the  metallic  calces,  and  even 
crocus  martis  perfectly  calcined,  and  not  attracT:- 
able  by  the  magnet. 

We  may  alfo  obferve  the  fame  relations  and 
the  fame  differences  in  mephitic  exhalations,  of 
which  we  know  .there  are  two  forts.  Thofe  of 
one  fpecies,  fuch  as  thofe  of  the  Grotto  delCani, 
are  not  inflammable  -,  they  neither  make  filver 
nor  the  metallic  calces  black;  they  extinguifli 
candles,  &c.  in  the  fame  manner  as  the  vapours 
which  are  difengaged  in  fpirituous  fermentation. 
Thofe  from  charcoal,  and  the  fixed  air  arifing 
from  the  combination  of  acids  and  alkali,  after 
Dr.  Prieftley's  manner,  produce  the  fame  pheno- 
mena as  the  Grotto  del  Cani,  and  may  be  com- 
pared to  it  on  every  account. 

There  is  then  feparated   from  the  earth   a 
fixed  air  fimilar  to  that  produced  in  certain  che- 
mical experiments,   and  in  the  fermentation  of 
O  3  fpirituous 
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fpirituous  liquors ;  fince  this,  as  Dr.  Prieftley 
remarks,  has  alfo  the  property  of  difiblving  in 
water.  It  is  principally  on  account  of  this  air, 
that  the  cold  mineral  fprings  keep  a  larger  quan- 
tity of  iron  difiolved,  and  that  after  the  manner 
of  our  artificial  aerial  waters,  they  readily  depo- 
fite  it,  either  by  (landing  expofed  to  the  open 
air,  or  elfe  by  being  boiled. 

The  volume  of  fixed  air  which  is  introduced 
into  water,  is,  according  to  Dr.  Prieftley,  equal 
to  that  of  the  water  which  is  impregnated  by  it. 
This  air  is  not  merely  interpofed  among  the  par- 
ticles of  water,  but  is  in  a  ftate  of  actual  com- 
bination ;  and  the  water  may  even  be  filtered, 
without  being  fenfibly  deprived  of  it.  However, 
the  water  does  not  acquire,  by  it,  any  increafe 
either  in  bulk  or  weight,  proportionable  to  the 
great  volume  of  air  which  it  has  abforbed. 

May  we  not  fufpecl,  from  all  the  effects  of 
fixed  air,  that  it  is  this  which  pafifes  from  the 
earth  in  vegetation,  by  means  of  that  motion  of 
pniverfal  fermentation,  which  the  return  of  the 
fun  excites  in  nature,  in  the  beginning  of  fpring  ? 

In 
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In  facl,  the  air  which  is  combined  with*  vege- 
tables, according  to  Dr.  Hales Y  experiments, 
has  loft  all  its  elaftic  properties,  although  it  be 
in  quantity  very  large  and  ponderous. 

As  to  the  other  fpecies  of  mephitic  exhala- 
tions, we  know  that  there  are  feparated  in  the 
galeries  of  mines,  and  in  coal,  and  falt-pits,  &c. 
two  forts  of  vapours,  one  of  which  is  frequently 
even  vifible.  It  is  immifcible  in  water,  and 
takes  fire,  and  explodes  frequently  with  a  loud 
crack.  The  other,  on  the  contrary,  is  not  in- 
flammable, but  extinguifhes  lamps  and  candles, 
like  the  vapour  of  the  Grotto  del  Cani,  like  that 
of  fpirituous  fermentation,  and  that  from  char- 
coal. But  they  are  equally  fatal  to  animals 
which  are  expofed  to  them. 

We  know  that  there  are  vapours  arifing  from 
certain  waters,  both  fubterraneous,  and  even 
above  ground,  which  take  fire  and  burn  very 
rapidly. 

Dr.  Priestley  has  concluded,   from  fome 

falutary  effects  of  which  he  has  been  informed, 

O  4  that 
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that  fixed  air  Is  not  noxious,  and  may  be  re- 
fpired  *.  For  my  parr,  I  ftrongly  fufpect  that 
wherever  it  be  colle&ed  in  quantity,  and  without 
communication  with  the  air  of  the  atmofphere, 
it  may  become  dangerous,  and  perhaps  fatal, 
like  the  vapours  of  which  we  have  been  fpeak- 
ing ;  of  this  I  ihali  give  art  account,  from  a  train 
of  experiments  which  may  decide  the  queftion*. 
As  to  the  vapour  of  hepar  fulphuris,  I  dare 
afiert  that  it  is  alfo  pernicious  like  that  of  char- 
coal.    It  was  at  my  own  expence  I  obtained  this 

knowledge, 

*  Mr.  Rouelle  certainly  mifhkes  Dr.  Prieftley.  The 
latter  only  meant  that  it  might  be  refpired  in  fmall  quan- 
tities and  with  caution ;  not  that  it  was  totally  innoxious 
in  whatever  quantity  it  might  be  refpired.  Dr.  Prieftley's 
expreflion  is,  that  f6  he  was  fatisfied  that  fixed  air  is  not 
noxious  per  fe  any  more  than  heat ;  "  but  no  one  can  fup- 
pofe  that  heat,  in  the  extreme,  is  innoxious.  Directions 
to  impregnate  Water,  &c.  page  18.     T.  H. 

f  It  appears  that  Mr.  Rouelle,  at  the  time  of  writing 
this  Memoir,  had  {een  no  other  part  of  Dr.  Prieftley's 
work  on  this  fubjecl.  except  his  Directions  for  impregnating 
Water  with  Fixed  Air,  for  he  has  inferted  a.  note  in  this 
place,  in  which  he  fays,  that  he  is  juil  informed  that  Dr, 
Prieitley  had  decided  the  queilion,     T.  H, 
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knowledge,  having  been  once  nearly  fuffocated 
by  it. 

The  following  are  the  fymptoms  which  that 
vapour  occafioned.  Having  been  defirous  to 
refpire  it  flrongly,  to  difcbver  the  character  of 
this  odour,  I  held  my  noftrils  and  open  mouth 
over  the  veffel,  while  I  made  a  very  large  preci- 
pitation of  hepar.  I  was  immediately  affected 
by  it,  and  fuddenly  found  myfelf  abfolutely  un- 
able to  infpire,  and  efpecially  to  expire.  I  per- 
ceived my  breaft  to  be  in  a  (late  of  dilatation, 
joined  with  an  infupportable  oppreffion,  In  this 
fituation,  notwithstanding  all  my  efforts,  I  could 
neither  introduce  frefh  air,  nor  expel  that  already 
in  my  lungs.  I  direclly  threw  myfelf  out  of  the 
laboratory  of  the  King's  garden,  where  I  made 
this  experiment;  I  got  into  the  open  air,  and 
fupported  myfelf  by  the  court-wall,  for  I  felt 
myfelf  univerfally  faint  •,  and  it  was  not  till  after 
I  had  made  feveral  very  ftrong  efforts  to  refpire 
in  the  open  air,  that  I  recovered  that  function, 
together  with  that  of  motion*  But  I  continued 
all  the  afternoon  in  a  ftate  of  uneafinefs  and  op- 

preffion, 
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preflion,    attended  with  a  weight   in   my  head 
which  I  cannot  eafily  defcribe  *. 

It  is  known  that  fixed  air,  feparated  after 
Dr.  Prieftley's  procefs,  alfo  poffefles  properties 
in  common  with  ordinary  air.  If  it  be  intro- 
duced into  a  vacuum,  the  vacuum  is  deftroyed, 
and  the  veffels  *are  detached.  The  fame  pheno- 
menon is  produced  by  inflammable  air.  It  is 
therefore  able  to  counterbalance  the  preffure  of 
the  atmofphere ;  which,  in  my  opinion,  proves, 
among  other  things,  that  this  vapour  is  not 
phlogifton  only  or  acidum  pingue,  as  has  been 
advanced  on  mere  fpeculation,  but,  on  the  con- 
trary, that  it  is  fome  kind  of  air,  which,  how- 
ever combined,  ftili  retains  the  principal  proper- 
ties of  common  air,  although  it  may  differ  from 
it  in  other  refpeds  -j% 

CHAP. 

*  Mr.  Meyer  has  related  a  limilar  accident  which 
happened  to  his  affiflant,  in  his  prefence,  when  making  a 
precipitation  of  a  large  quantity  of  hepar. 

f  I  am  juft  informed  that  an  Englifli  ditfertation  fry  Dr, 
Prieitley  has  lately  appeared,  which  contains  a  very  beau- 
tiful 
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CHAPTER     XVIII. 

EXTRACT  of  a  MEMOIR,  by  Mr.  BUC- 
QUET,  Doctor-Regent  of  the  Faculty 
of  Physic  in  PARIS,  entitled,  Physico- 
chemical  Experiments  on  the  Air,  which 
is  separated  from  bodies  at  the  time  of 
their  Decomposition,  known  by  the  name 
of  Fixed  Air,  -read  at  the  Royal  Aca- 
demy of  Sciences,  April  24,   1773. 

MR.  BUCQUET,  after  having  given,  in 
a  very  concife  abridgement,  an  account 
of  the  experiments  of  Van  Helmont,  Boyle, 
Black,  Macbride  and  Jacquin,  on  the  nature  of 
the  elaftic  emanations  which  are  difengaged  from 

bodies, 

tiful  feries  of  experiments  on  fixed  air,  inflammable  air, 
and  mephitic  air  or  that  arifing  from  putrefaction.  I  re- 
gret that  I  did  not  know  of  them  fooner  ;  the  manner  in 
which  the  experiments  are  made  which  we  have  already- 
had  from  him,  allures  us  of  the  excellent  ufe  which  may 
be  made  of  every  thing  which  comes  from  hjs  hands. 
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bodies,  and  on  fixed  air,  attempts  to  determine, 
i  ft,  Whether  fixed  air  be  the  fame  as  that  of 
the  atmofphere ;  idly,  Whether  it  be  the  fame 
from  whatever  bodies  it  may  have  been  extracted, 

Mr.  Bucquet,  in  a  great  part  of  his  experi- 
ments, made  ufe  of  Dr.  Macbride's  apparatus, 
of  which  we  have  given  a  defcription  in  another 
place*.  It  may  be  recollected,  that  it  confifts 
of  two  bottles,  between  which  a  communication 
js  made  by  a  bent  glafs  tube.  This  apparatus, 
as  made  ufe  of  by  Dr.  Machride,  has  the  great 
inconvenience  of  not  permitting  us  to  operate 
on  fixed  air  without  a  very  considerable  quantity 
of  atmofpherie  air  being  mixed  with  it,  and  this 
circumftance  induced  Mr.  Bucquet  to  make  fome 
alterations  in  it.  He  added  cocks  to  it,  he  dif- 
pofed  it  in  fuch  a  manner  that  he  could  adapt  it 
to  an  air  pump  -,  laftly,  he  cut  one  of  the  bottles 
through  the  middle,  fo  that  the  upper  part  might 
be  feparated,  and  an  accurate  barometer  be  in- 
troduced. That  which  was  defigned  to  receive 
the  fubftances  which  were  to  be  combined  toge- 
ther 

*  Chapter  IX.  page  j?» 
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ther  to  produce  the  air,  Mr.  Bucquet  called  the 
bottle  of  mixture,  and  that  which  was  to  receive 
the  bodies  which  he  propofed  to  expofe  to  the 
vapour  of  the  feparated  air,  he  named  the  bottk 
of  reception. 

The  refult  of  the  experiments,  made  with  this 
apparatus,  was  that  the  air  feparated  by  all  the 
acids,  without  exception,  whether  from  chalk 
or  alkaline  falts,  was  abfolutely  the  fame;  he 
only  obferved  that  the  air  drawn  from  volatile 
alkalis,  retained  a  fmell  like  that  of  {linking 
flefli.  Hq  alfo  found  a  perfect  famenefs  between 
the  air  detached  from  fermenting,  and  that  from 
efFervefcing  fubftances.  This  air  has  a  pene- 
trating fmell,  which  Mr.  Bucquet  calls  odeur 
gafeufe :  it  has  the  property  of  precipitating  lime 
diflblved  in  water,  of  changing  it  into  calcareous 
earth,  and  of  reftoring  to  it  the  property  of  ef- 
fervefcing  with  acids.  It  produces  nearly  the 
fame  effects  on  the  cauftic  alkalis ;  it  reftores  to 
them  the  power  of  effervefcing,  and  of  cryftal- 
lifing. 

Fixed  air,  in  all  thefe  cafes,  does  not  contain 

any 
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any  thing  of  the  faline  fubftances  from  which 
it  has  been  obtained.  Syrup  of  violets,  though 
expofed  to  its  action,  for  above  twelve  hours, 
in  the  apparatus  which  has  been  juft  defcribed, 
was  in  no  wife  altered. 

Mil.  Bucquet  fubmitted  this  air  to  the  ufual 
experiments,  to  determine  its  weight  and  com- 
preffibility ;  his  refults  did  not  differ  fenfibly 
from  thofe  which  are  obtained  when  common 
air  is  employed. 

Mr.  Bucquet  afterwards  examines  the  air 
produced  by  the  folution  of  metallic  fubftances, 
and  he  found  it  very  different  from  that  which 
is  feparated  either  by  effervefcence  (from  calca- 
reous earths  and  alkalis)  or  by  fermentation. 
This  air  is  not  at  all  fufceptible  of  being  com- 
bined with  water;  it  is  equally  incapable  of  com- 
bination, either  with  lime  or  with  the  cauftic 
alkalis  -9  however  long  a  time  they  were  expofed 
to  its  action,  they  did  not  recover  the  property 
of  effervefcing  with  acids. 

Fixed  air  difcharged  from  an  effervefcing  mix- 
ture, 
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ture,  combined  afterwards  with  wine,  does  not 
convert  it  into  vinegar;  it  only  communicates 
to  it  an  acerb  tafte,  which  may  however  be  the 
firft  ftage  of  the  acetous  fermentation. 

Mr.  Bucquet  then  proceeds  to  examine,  if 
the  air  produced,  either  by  effervefcence  or  fer- 
mentation be  inflammable,  like  that  feparated 
from  zinc  or  iron,  by  the  vitriolic  or  marine 
acids,  as  Dr.  Hales  has  advanced  \  but  he  was 
not  able  to  make  it  burn. 

From  thefe  experiments,  Mr.  Bucquet  con- 
cludes, that  air  produced,  either  by  effervefcence, 
fermentation,  or  metallic  folution,  is  not  pre- 
cifely  the  fame  as  that  of  the  atmofphere,  though 
equal  in  weight  and  elaflicity  •,  that  air  produ- 
ced by  effervefcence  and  fermentation  differs  from 
that  of  the  atmofphere,  and  that  of  metallic  fo- 
lutions,  in  the  very  great  aptitude  which  it  has 
to  combine  with  lime>  with  alkalis,  and  even 
with  water  ;  and  laftly,  that  the  air  from  me- 
tallic folutions  has  the  diftinguifhing  character 
of  being  inflammable. 

Though 


2o8    HISTORICAL  ACCOUNT  OF 

Though  thefe  experiments  be  very  fimilar  to 
thofe  which  had  been  publifhed  before  Mr,  Buc- 
quet's,  and  efpecially  to  Dr.  Prieftley's,  they 
are  not  lefs  valuable  in  phyfics.  Experiments 
on  a  fubjefl:  fo  intricate,  and  which  is  (till  left 
in  obfcurity,  cannot  be  too  much  multiplied. 
It  is  alfo  of  fome  importance  to  know  that  we 
may  arrive  at  the  fame  refuks  by  different  pro* 
cefTes. 


CHAPTER    XIX, 

A*  APPENDIX  on  FIXED  AIR,  by  Mr, 
BAUME,  MASTER- APOTHECARY  at 
PARIS,  of  the  ROYAL  ACADEMY  of 
SCIENCES*. 

SOME  philofophers  are  pf  opinion,  that  there 
are  properties  difcovered  in  fixed  air,  that 

Ihould 

*  The  apprelieniion  that  I  might  be  accufed  of  having 
fhewn  a  fpint  of  partiality,  in  having  thought  to  view,  as 

I  have* 
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fhould  lead  to  the  rejection  of  phlogifton,  and 
the  fubftitution  of  fixed  air,  in  its  place*.  Ac- 
cording to  thefe  philofophers,  fixed  air  ought  to 
bring  about  a  total  revolution  in  chemiftry,  and 
change  the  order  of  all  the  knowledge  which  has 
been  acquired.  But  the  experiments  which  have 
been  publiflied,  hitherto,  have  appeared  to  me 
to  afford  phenomena,  concerning  the  canfe  of 
which,  I  apprehend,  miftaken  notions  have  been 
received,  as  it  will  be  eafily  judged  by  the  fol- 
lowing reflections. 

We  have  proved  in  many  places  of  this  worka 
and  agreeably  to  the  moffc  celebrated  philofo- 
phers, that  air  is  an  element  which  enters  into 
the  compofition  of  mod  bodies.  Hales,  in  his 
Vegetable  and  Animal  Statics,  has  demonftrated 
thib  truth  by  a  great  number  of  well  executed 

experi- 

*  We  are  ignorant  who  thefe  philofophers  are. 

I  have,  whatever  has  been  hitherto  written  on  the  fubjed 
of  fixed  air,  has  engaged  me  to  tranferibe,  here,  this  ap- 
pendix, which  is  to  be  found  at  the  end  of  the  third  vo- 
lume of  Mr.  Baume's  Chemiftry,  page  693. 

P 
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experiments.  He  has  calculated  the  weight  and 
the  volume  of  air  contained  in  different  bodies, 
and  he  has  given  the  name  of  fixed  air  to  that 
which  enters  into  their  cornpofition;  that,  in 
fhort,  which  is  become  one  of  their  constituent 
principles,  and  which  has  loft  its  elasticity  and 
all  the  properties  of  pure  and  aggregated  air; 
and  he  has  given  the  name  of  elaftic  air  to  that 
which  is  difengaged  from  bodies. 

Air,  as  we  have  obferved,  under  that  head, 
is  one  and  the  fame :  there  is  only  one  fpecies 
of  air.  This  element  may,  and  in  fact  does  en- 
ter into  an  infinite  number  of  combinations; 
but  when  it  is  difengaged  from  bodies  with 
which  it  was  combined,  it  recovers  all  its  pro- 
perties, and  when  it  is  properly  purefied  it  in 
no  wife  differs  from  that  which  we  refpire. 

What  many  chemifts  call  fixed  air  at  prefent, 
appears  to  be  that  which  has  been  feparated  from 
bodies  by  different  methods :  but  it  ought  rather 
to  be  denominated,  as  Dr.  Hales  has  called  it, 
detached  or  elaftic  air.  In  fact,  air  thus  fepa- 
rated from  bodies  is  no  more  fixed  than  that 

which 
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which  we  breathe,  fince  it  recovers  all  its  elaftic 
properties  as  that  philofopher  has  demonftratedo 

Air,  as  we  have  declared  in  many  parts  of 
this  work,  not  only  diflfolves  water  and  is  fata- 
rated  with  it,  but  it  alio  diflfolves  oily  fubftances? 
&c. 

When  air  has  been  detached  from  bodies,  by 
fubmitting  them  to  diftillation  in  an  apparatus 
fimilar  to  that  defcribed  by  Dr.  Hales,  real  phi- 
lofophers  call  it  fixed  air.  This  air,  in  difen* 
gaging  itfelf  from  the  bodies,  to  which  it  was 
united,  carries  along  with  it  different  fubftances 
which  it  actually  holds  in  folution,  and  proper* 
ties  are  attributed  to  it,  which  do  not  belong  to 
the  air,  but  merely  to  the  foreign  fubftance$ 
with  which  it  is  loaded.  It  appears  that  this 
diftin&ion  has  not  been  made,  which  however 
ought  to  prefent  itfelf  naturally. 

When  an  acid  is  combined  with  a  calcareous 
earth,  with  an  alkaline  fait  or  with  a  metallic 
fubftance,  there  is  feparated,  as  we  have  remark- 
ed, a  confiderable  quantity  of  air  and  of  fire  iti 
P  2  a  ftate 
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a  ftate  nearly  pure,  which  could  by  no  means 
enter  into  the  compofition  of  the  neutral  fait 
which  refults  from  this  union.  If  we  collect, 
by  a  fuitable  apparatus,  the  air  which  is  detached 
while  this  combination  is  formed,  the  air  thus 
detached  is  (till  named  fixed  air*  Properties  are 
found  in  this  air  different  from  atmofpheric  air, 
and  it  is  therefore  concluded  that  fixed  air  is  not 
the  fame  in  all  bodies ;  but  the  different  proper- 
ties which  are  difcovered  in  it,  ought  to  be  at- 
tributed, as  we  have  juft  faid,  to  the  foreign 
fubftances  with  which  it  is  loaded.    . 

Air  which  is  feparated  from  bodies,  during 
either  the  fpirituous,  acetofe  or  putrefactive  fer- 
mentation, is  alfo  denominated  fixed  air-,  and 
thefe  feveral  kinds  of  air  differ  from  each  other, 
like  the  bodies  from  which  they  have  been  pro- 
duced. Thefe  obfervations  alone  might  be  fuf- 
ficient  to  fhew  that  thefe  different  properties 
ought  to  be  attributed  to  the  matter  with  which 
the  air  is  impregnated,  and  not  to  the  air  itfelf, 
which  is  an  element  incapable  of  any  alteratiqn. 
But  inftead  of  making  thefe  reflections,  there 
appears  a  difpofition  to  eftabliftx  as  many  fpecies 

of 
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of  air,  as  there  are  bodies  which  can  fupply  if*, 
which  can  anfwer  no  purpofe,  but  to  obfcure 
the  theory  of  chemiftry.  Some  perfons  are  al- 
ready willing  to  admit  of  fixed  air  which  is  in- 
flammable >  of  fixed  air  which  reduces  the  me- 
tals to  a  calx,  and  caufes  the  augmentation  in 
their  weight ;  of  antifeptic  fixed  air,  which  re- 
ftores  putrefied  ftefh  to  fweetnefs,  &c.   &c. 

There  is  not  the  lead  doubt,  but  when  an 
highly  re&ified  oily  fubftance  is  difiblved  by  air, 
and  is  collected  in  a  proper  fpace,  it  will  burn, 
as  Dr.  Hales  has  remarked  in  many  parts  of  his 
Vegetable  Statics,  and  particularly  in  his  analyfis 
of  peafe,  oyfter  fhells,  amber  and  wax,  though 
he  afterwards  warned  the  air,  feparated  from 
thefe  fubftances,  eleven  times.  Oily  fubftancess 
thus  difiblved  by  the  air,  or  reduced  to  the  ftate 
of  vapours,  almoft  always  take  fire,  with  an 
explofion,  on  the  approach  of  .a  candle;  but  it 
is,  by  no  means,  the  air  which  burns  that  ele- 
ment is  not  combuftible. 

P3  It 

*  Mr.Baume  certainly  makes  the  advocates  for  fixed 
air,  appear  as  holding  abfurd  notions,  which  never  entered 
into  their  heads.     T.  H> 
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ti*  has  been  a  received  doctrine  among  che- 
ftifts,  that  metals  are  reduced  to  calces,  only  by 
the  lofs  of  a  portion  of  phlogifton,  and  that  they 
recover  their  metallic  brilliancy,  fuch  as  before 
calcination^  whenever  this  inflammable  principle 
Is  reftored  to  them ;  but  forrie  philofophers,  par- 
Hfaris  of  fixed  air,  aflfert,  on  the  contrary,  that 
it  is  to  the  air  which  beconles  fixed  in  the  metal, 
during  its- reduction  into  a  calx,  that  this  change 
of  flate  and  the  caufe  of  the  augmentation  iri 
weight  ought  to  be  attributed.  Thefe  philofo- 
phers fuppofe,  that  by  detaching  from  the  me- 
tallic calces  the  fixed  air  with  which  they  are 
loaded*  they  may  be  reftored  to  their  metallic 
form,  without  any  addition,  even  without  fire  \ 
But  this  opinion  relative  to  their  reduction  ap- 
pears founded  on  miftake,  as  phlogiftic  vapours 
are*  imperceptibly,  made  ufe  of  in  thefe  ope- 
rations. 

We  have  faid,  under  the  article  of  liver  of 
Fulphur  precipitated  by  an  acid,  that  the  vapours 
&hieh  arife  from  it  are  not  at  all  inflammable* 
but  that  they  reftore  without  fire  the  metallic 
calces  to  their  brilliancy.     It  is,  by  no  means, 

the 
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the  air  which  produces  this  effecT,  but  merely 
the  phlogiftic  principle  which  it  contains. 

With  regard  to  fixed  air  as  an  antifeptic,  it 
is  very  probable,  that  there  are  many  fubftances 
pofTefiing  antifeptic  properties,  which  air  may 
diflblve,  and  which  may  alfo  counteract  putre- 
faction, fuch  as  the  Peruvian  bark  and  other 
aftringent  bodies,  which  alfo  have  antifeptic  qua- 
lities when  immediately  applied  to  putrefied 
flefh. 

From  thefe  reflections  we  may  conclude,  ift, 
That  what  is  called  fixed  air  is  improperly  named  j 
the  appellation  of  detached  or  elaftic  air,  which 
Dr.  Hales  has  given  it,  is  better  adapted  to  it. 

2dly,  That  fixed  air,  under  this  denomina- 
tion which  has  been  given  to  it,  is  common  air, 
but  impregnated  with  foreign  fubftances  which 
it  holds  in  folution  •,  air,  which  may  frequently 
be  purefied  and  reftored  to  the  (late  of  good  air, 
fimilar  to  that  of  the  atmofphere,  by  caufing  it 
to  pafs  through  different  liquors,  proper  for  fil- 
tering it,  and  for  regaining  the  foreign  matters, 
which  deftroy  its  purity. 

P  4  3%, 
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^dly,  Fixed  air,  according  to  this  theory, 
ought  no  longer  to  be  examined,  in  the  point  of 
view  in  which  it  has  hitherto  been  confidered, 
but  merely  with  refpedt  to  the  fubftances  which 
air  is  capable  of  diflblving  or  of  being  impreg- 
nated with. 

4thly,  There  is  therefore  afield  for  a  curious 
train  of  experiments  which  may  acquaint  us  what 
fubftances  may  be  diffolved  in  air,  and  what  may 
be  the  properties  of  thefe  fubftances  when  re- 
duced to  this  ftate.  Thefe  experiments  made, 
in  this  point  of  view,  would  lead  to  more  clear 
and  certain  knowledge,  than  any  which  have  hi- 
therto been  pu-blifhed. 

5thly,  The  cafe  is  the  fame  with  air  as  with 
water;  both  elements  have  the  quality  ofdif- 
folving,  and  being  faturated  with  feveral  fub- 
ftances-, each  ^  of  thefe  elements  acquires  new 
properties  which  belong  neither  to  water  nor  to 
air,  but  merely  to  the  fubftances  with  which 
they  are  impregnated.  As  there  are  certain  bo- 
dies which  water  is  capable  of  diflblving,  and 
which  cannot  be  feparated  from  it;  the  fame 
fliould  be  the  cafe  with  air ;  this  laft  element 

may 
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may  be  impregnated  with  fubftances  as  volatile, 
and  as  dilatable  as  itfelf,  and  which  can  never 
be  feparated  from  it,  either  by  diftiilation,  fil- 
tration, or  any  other  method  \  but  it  does  not 
the  lefs  follow,  but  that  thefe  new  properties 
which  are  to  be  found  in  the  air,  fhould  always 
be  attributed  to  the  foreign  fubftances,  and  not 
to  the  air  itfelf*. 

*  These  nineteen  Chapters  contain  all  that  is  moft  in- 
terefting  relative  to  iixed  air,  which  I  have  been  able  to 
obtain.  I  might  have  added  here  an  extract  from  a  very- 
well  written  Theiis,  in  favour  of  Dr.  Black's  theory, 
wlych.  was  maintained  at  Edinburgh,  September  12th, 
1772,  by  Mr.  Rutherford ;  but  as  it  contains  only  a  fum- 
mary  of  what  has  been  written  on  this  fubject  by  MefTrs. 
Black,  Cavendifh  and  Lane,  I  was  apprehenfive  it  might 
lead  me  into  unneceiTary  repetitions. 

Jam  alfo  acquainted  that  there  has  appeared  htdy  a 
Collection  of  Chemical  DHTertations?  by  Dr.  Wiegel,  a 
Phyfician  at  Griefwald,  in  one  of  which  he  treats  of  fixed 
air  and  of  the  acidum  pingue  ;  but  it  has  not  been,  in  my 
power  to  procure  that  \york. 


END   of  the   FIRST   PART. 


THE 


SECOND    PART. 


New   INQUIRIES  relative   to    the   exis- 
tence of  an  ELASTIC  FIXABLE  FLUID 

IN  CERTAIN  SUBSTANCES,  AND  THE  PHENOME- 
NA RESULTING  FROM  ITS  DISENGAGEMENT* 
OR    ITS  FIXATION. 


CHAPTER     I. 

Of  the  EXISTENCE  of  an  ELASTIC 
FIXABLE  FLUID  in  CALCAREOUS 
EARTHS,  and  the  PHENOMENA  re- 
sulting    FROM     THE    ABSENCE    OF    IT     IN 

LIME. 

HAVING  related,  in  the  firft  part  of  this 
work,  the  opinions  of  MefTrs.  Black, 
Meyer,  and  de  Smeth,  on  the  caufes  of 
the  caufticity  of  quick-lime,  and  alkaline  falts. 
It  appeared  necefTary  to  me,  before  I  proceeded 
farther,  to  traverfe  again  the  fame  ground,  to  re- 
peat the  principal  experiments  of  MefTrs.  Black, 
Meyer,  Jacquin,  Crans,  and  de  Smeth,  after- 
wards to  add  fome  new  ones  of  my  own  -,  and, 
laftly,  to  endeavour  to  fix,  if  pofllble,  the  ideas 

of 
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of  philofophers  as  to  the  merit  of  thefe  different 
fyftems. 

Such  is  the  objecl  which  1  propofe  to  com- 
plete in  the  three  firft  chapters  of  this  fecond 
part.  As  the  experiments  which  are  here  re- 
lated, are  all  clofely  conne&ed  with  each  other, 
the  unremitted  attention  of  the  reader  will  be  re- 
quire. 


EXPERIMENT    I. 

The  Solution  of  Chalk  in  the  Nitrous 
Acid. 

I  POURED  into  a  fmall  rn,atrafs,  with  a  long 
narrow  neck,  fix  ounces  of  the  nitrous  acid,  the 
weight  of  which  was  to  that  of  water  as  129,895 
to  100,000.  I  added,  by  degrees,  fome  chalk 
in  powder  dried  in  a  degree  of  fire,  long  con- 
tinued, nearly  equal  to  that  in  which  mercury 
boils. 

The 
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The  folution  was  effected  by  a  quick  effer- 
vefcence,  but  with  fcarcely  any  heat.  I  took 
care  to  keep  the  matrafs  as  much  Hopped  a$ 
poflible;  only  opened  it  from  time  to  time,  to 
give  vent  to  the  vapours  which  were  difcharged 
impetuoufly ;  thefe  precautions  were  taken  that 
the  evaporation  might  be  as  fmall  as  pofiible. 
Two  ounces,  three  drachms,  and  thirty-fix  grains 
of  chalk  were  employed  to  faturate  the  acid ;  the 
whole  weight,  therefore,  of  both  fubftances^ 
amounted  to  eight  ounces,  three  drachms,  and 
thirty-fix  grains :  but  having  weighed  them 
again,  after  their  combination,  the  weight  was 
no  more  than  feven  ounces,  three  drachms,  and 
thirty- fix  grains  ;  which  made  the  lofs  in  weight 
exactly  one  ounce.  This  could  only  be  attri- 
buted to  the  elaftic  fluid  which  was  feparated, 
and  the  watery  or  other  vapours  which  it  had 
carried  off  with  it :  a  method  was,  therefore,  to 
be  difcovered  to  retain  and  examine  them.  This 
I  propofed  to  do  by  the  following  experiment, 


EXPE- 
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EXPERIMENT     II. 

To  Measure  the  Quantity  of  the  Elastic 
Fluid,  separated  during  the  Solution 
of  Chalk!  in  the  Nitrous  Agid. 

A.  B.  Figure  ift,  is  a  brafs  difh  of  ten  inches 
diameter  •,  in  its  center,  at  C.  is  a  fhaft  which 
fupports  another  difh,  E.  F.  round  like  the  for- 
mer, and  of  54-  inches  diameter.  On  this 
fecond  difh  another  fhaft  is  erected,  G.  H. 
which  fupports  a  frame  reprefented  feparately  in 
figure  fecond.  This  frame  is  defigned  to  bear  a 
glafs  phial  I.  in  form  of  a  pear.  It  mould  have 
a  fpout  to  prevent  the  fluid,  which  it  is  defigned 
to  pour,  from  trickling  down  its  outfide ;  in  de- 
fault of  a  fpout,  one  may  be  made  of  wax.  The 
phial  I.  inftead  of  being  fufpended  by  two  pivots, 
ought  rather  to  be  fuftained  by  two  hemifpheri- 
cal  leather  caps,  with  a  fcrew,  which  may  fepa- 
rate  or  bring  them  nearer  according  as  the  phial 
employed  is  more  or  lefs  thick.  The  inferior 
part  K.  of  this  phial,  ought  to  be  baliafted  with 
lead,  in  order  to  keep  it  ftraight.     It  mould  alfo 

have 
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have  in  this  part  a  button  K.  to  which  a  thread 
ihould  be  connected.  This  laft  mould  pafe 
above  the  frame,  and  be  introduced  through  the 
hole  M.  in  the  lower  difh,  which  is  furniJhed 
with  a  fmall  pully.  This  thread  ferves  to  make 
a  fwing  for  the  bottle  I.  when  it  is  .thought  pro- 
per. All  this  apparatus  is  covered  with  a  large 
receiver  N.  N.  O.  O.  of  fix  inches  diameter,  and 
from  two  and  a  half  to  three  feet  high.  Laftly, 
the  whole  fhould  be  placed  in  an  earthen-ware 
ciftern  V,  V.  S.  S,  of  one  foot  diameter  in  its 
bottom,  and  nearly  of  the  fame  height,  It  js 
reprefented  as  tranfparent  in  the  figure,  that  the 
whole  detail  of  the  apparatus  may  be  better  un* 
derftood. 

When  this  machine  is  to  be  made  ufe  of,  a 
certain  quantity  of  acid,  or  any  other  liquor  is 
to  be  placed  in  the  bot;tle  I,  In  the  bafon  Q^ 
is  placed  fome  chalk,  alkali,  or  other  fubftance 
of  which  you  would  make  your  folution.  The 
ciftern  V.  V.  S.  S.  is  to  be  filled  with  water, 
The  water  is  then  to  be  raifed  by  fuftipn,  by 
means  of  the  hole  R.  at  the  top  of  the  receiver^ 
and  to  be  made  to  mount  nearly  to  Y.  Y.  high* 


22^  HISTORICAL  ACCOUNT  OF 

er  or  lower  according  to  the  nature  of  the  expe- 
riments which  are  propofed  to  be  made.  In 
fine,  by  means  of  the  funnel  reprefented  in  fi- 
gure third,  fome  oil  is  to  be  introduced  into  the 
receiver.  The  oil  being  lighter  than  the  water 
mounts  to  its  furface  Y.  Y.  and  by  its  Interpofi- 
tion  prevents  the  elaftic  fluid,  feparated  in  the 
combination  of  the  acid  and  alkali,  from'  being 
abforbed  by  the  water.  As  foon  as  every  thing 
is  thus  prepared,  the  thread  R.  is  to  be  drawn, 
^hich  paftes  through  the  three  pullies  marked 
p.  M.  n.  and  gives  a  fwing  to  the  bottle  I, 

To  this  apparatus  may  be  joined  a  pump, 
and  this  precaution  is  even  indifpenfably  necefla- 
ry  where  fubftances  are  employed,  whofe  vapours 
are  noxious,  and  will  not  permit  the  air  to  be 
fucked  without  inconvenience.  Such  a  pump 
is  reprefented,  adapted  to  the  apparatus  in  fi- 
gure firft.  P.  P.  reprefents  the  body  of  the 
pump,  Z.  the  ring  which  ferves  to  raife  the  pif- 
ton.  At  each  flroke  the  air  is  drawn  in  by  the 
pipe  X.  L.  whofe  extremity  X.  muft  rife  within 
fome  lines' of  the  difli :  it  is  then  filled  again, 
and  the  air  driven  out  through  the  body  of  the 

pump 
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pump  by  the  pipe  T.  As  the  lower  extremity 
L.  of  the  pipe  X.  L.  as  well  as  the  extremity  s. 
of  the  pipe  which  fuftains  the  pump,  is  defigned 
to  Hand  in  the  water,  the  fcrews  in  thofe  parts 
fliould  be  guarded  with  leather  well  greafed. 
We  fhall  fee  in  the  fequel,  other  ufes  to  which 
this  pump  may  be  applied. 

Into  the  bottle  I.  fig.  ill*  I  put  an  ounce  and 
half  of  the  fame  nitrous  acid  as  that  employed 
in  experiment  the  firft.  In  the  bafon  Q^  were 
placed  four  drachms  and  fixty  three  grains  of 
the  fame  chalk,  and  dried  in  a  degree  of  heat  in 
which  mercury  boils.  The  water  was  raifed  up 
to  Y.  Y.  as  above  mentioned,  and  I  introduced  a 
covering  of  oil  upon  the  furface  of  the  water, 
I  then  mixed  the  acid  and  chalk  by  means  of 
the  fwing,  taking  care  to  do  it  gradually,  leall 
by  the  brifknefs  of  the  effervefcence  the  liquor 
Ihould  run  over  the  fides  of  the  bafon. 

The  water  fank  fuddenly  in  the  receiver 
N.  N.  O.  O.  and  fettled  feven  and  a  half  inches 
beneath  the  furface  Y.  Y.  The  receiver  in  this 
place  was  feventy  lines  ~  -,  whence  it  follows 

Q^  2  that 
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that  the  quantity  of  elaftic  fluid  feparated,  a- 
mounted  to  two  hundred  and  fix  cubic  inches  -, 
but  in  about  a  quarter  of  an  hour,  the  fmall 
degree  of  heat  raifed  in  the  combination  being 
diffipated,  the  quantity  of  elaftic  fluid  was  re- 
duced to  two  hundred  inches.  After  which 
there  was  no  farther  fenfible  variation,  even  for 
feveral  days.  The  thermometer  *  during  this  in- 
terval of  time,  flood  from  fixteen  to  feventeen 
degrees,  and  the  barometer  at  about  twenty- 
eight  inches. 

The  quantities  of  nitrous  acid  and  chalk  em- 
ployed in  this  experiment  were  only  a  fourth  of 
thofe  ufed  in  the  former  one ;  whence  it  follows 
that  if  fix  ounces  of  the  nitrous  acid,  and  two 
ounces  three  drachms  and  thirty-fix  grains  of 
chalk  had  been  employed,  as  in  the  firft  experi- 
ment, there  would  have  been  a  feparation  of 
eight  hundred  cubic  inches  of  elaftic  fluid  :  but 
the  lofs  of  weight  in  the  firft  experiment  was 
exactly  one  ounce ;  therefore  eight  hundred  cu- 
bic inches  of  elaftic  fluid,  fuch  as  is  feparated 

from 

*  Reaumur's  thermometer  was  ufed  in  all  thefe  experiments. 
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from  chalk,  loaded  no  doubt  with  a  large  quan- 
tity of  watery  vapours  which  are  carried  off  with 
it,  weigh  exactly  one  ounce,  in  a  temperature 
from  fixteen  to  feventeen  degrees  of  the  thermo- 
meter. A  cubic  foot,  therefore,  or  one  thou- 
fand^even  hundred  and  twenty-eight  cubic  inches 
of  this  elaftic  fluid,  weighs  two  ounces,  one 
drachm  and  twenty  grains  j  but  a  cubic  foot  of 
common  air  in  that  temperature  does  not  weigh, 
according  to  the  obfervations  of  Mr.  de  Luc, 
more  than  one  ounce,  two  drachms  and  fixty- 
fix  grains*.  From  whence  we  may  already 
draw  one  or  other  of  thefe  conclufions,  either 
that  the  elaftic  fluid  difcharged  from  chalk  by 
effervefcence  weighs  about  one- third  more  than 
common  air,  or,  what  is  more  probable,  that 
by  the  violence  of  the  effervefcence,  it  carries 
off  with  it  a  confiderable  quantity  of  watery  or 
other  vapours,  which  contribute  to  increafe  the 
lofs  of  weight  obferved  in  experiment  firft,  ancl 
which  occafion  the  elaftic  fluid  to  appear  heavier 
than  it  really  is. 

Q^3  EXPE- 

*  The  French  drachm  is  divided  into  72  grains. 
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EXPERIMENT    III. 

To  determine;  the  Proportion  of  Water 

NECESSARY    TO   SATURATE    A    GIVEN    QUAN- 
TITY of  Quick-Lime. 

I  put  into  an  iron  kettle  twenty-eight  ounces 
and  fix  drachms  of  quick-lime,  and  by  degrees 
poured  on  it  a  fuffjcient  quantity  of  water  to  re- 
duce it  to  a  pafte  of  a  moderate  confidence. 
After  the  ebullition  was  over,  the  kettle  was 
placed  on  a  gentle  fire,  to  evaporate  the  fuper- 
abundant  moifture.  Care  was  taken  to  ftir  the 
mixture  frequently  with  an  iron  fpatula,  to  pre- 
vent its  uniting  and  forming  into  large  mafTes ; 
towards  the  end  the  fire  was  increafed,  and  gra- 
dually raifed  to  a  degree  equal  to  that  of  boiling 
mercury  ;  and  it  was  kept  up  to  this  for  feveral 
hours.  At  length,  when  the  matter  appeared 
to  be  perfectly  dry,  I  withdrew  it  from  the  fire, 
and  weighing  it,  while  hot,  the  whole  weight 
was  found  to  be  exactly  thirty-feven  ounces.  I 
then  quickly  reduced  into  powder  all  the  lime, 

in 
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in  a  mortar  which  was  kept  continually  hot  •,  it 
was  paffed  through  a  filken  fieve,  and  kept 
clofely  flopped  in  a  glafs  bottle  for  ufe. 

It  appears  from  this  experiment,  that  the 
relative  weight  of  quick  lime  to  that  of  flaked 
lime  is  as  1000  to  1287  -9  that  is  to  fay,  that 
1000  parts  of  quick  lime  can  abforb  4*5*  of 
water,  or,  in  other  words,  that  every  pound  of 
this  fubftance  can  imbibe  four  ounces,  four 
drachms  and  fifty- three  grains  of  water. 

It  might  perhaps  be  imagined  that  the  lime 
not  only  abforbs  the  water  during  its  extinction, 
but  that  the  air  itfelf,  or  fome  matter  fufpended 
in  the  air,  combines  with  it  during  the  operation, 
and  contributes  to  the  augmentation  of  weight 
which  has  been  obferved.  The  following  expe- 
riment will  deftroy  thefe  conjectures,  and  make 
it  evident  that  the  external  air  has  no  concern  m 
the  phenomena  attending  the  extinction. 


CL4  EXPE* 
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EXPERIMENT    IV. 

Lime  slaked  in  the  Vacuum  of  an 
Air  Pump* 

An  ounce  and  half  of  quick  lime  broken  into 
pieces  of  a  moderate  fize,  was  placed  in  a  glafs 
veflfel,  and  a  fufficient  quantity  of  water  poured 
on  it  •,  after  which  the  veflel  was  placed  under 
the  receiver  of  an  air  pump,  and  a  vacuum 
made  &s  quickly  as  poffiblei 

The  phenomena  attending  the  extinction  were 
in  no  wife  different  from  thofe  which  were  ob- 
ferved  in  the  open  air.  During  a  fpace  of  fome 
minutes  the  mixture  fwelled,  attended  with  ebul- 
lition and  heat.  The  lime  was  reduced  to  a 
white  pafte,  which  was  dried,  and  found  to  have 
received  an  increafe  of  weight  nearly  equal  to 
that  obferved  in  the  former  experiment.  I  do 
not  deny,  that  the  lime  might  abforb  a  little 
elaftic  air  during  the  operations  of  flaking  and 
drying  it ;  but  the  quantity  is  very  inconfider- 

able* 
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able,  and  almoft  nothing  in  comparifon"  of  the 
quantity  of  water  which  itabforbs. 

EXPERIMENT    V. 

The  Solution  of  Lime  in  the  Nitrous 
Acid. 

INTO  a  ftnall  matrafs,  with  a  long  narrow 
neck,  were  poured  fix  ounces  of  the  fame  nitrous 
acid  as  that  ufed  in  the  former  experiments.  I 
then  added,  by  degrees,  fome  of  the  flaked  lime 
faturated  with  water  and  dried  as  in  experiment 
the  third. 

The  firft  portions  were  diflblved  with  fcarcely 
any  motion,  but  as  the  acid  became  more  fatu- 
rated, the  efFervefcence  grew  porportionably 
greater ;  but  yet  this  efFervefcence  was  different 
from  that  arifing  from  the  folution  of  chalk  :  the 
bubbles  were  frequent,  but  fmall,  and  the  fwell- 
ing  inconfiderable ;  the  heat,  on  the  contrary, 
was  very  ftrong,  and  even  fucb,  that  it  appear- 
ed 
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cd  as  if  the  phenomena  of  boiling  were  joined  to 
thofe  of  effervefcence.  The  quantity  of  lime  ne- 
ceffary  for  faturation  was  one  ounce,  five  drachms, 
and  thirty-fix  grains;  the  weight  of  the  fame 
materials,  after  combination,  was  found  to  be 
feven  ounces,  four  drachms,  and  feventy  grains. 
The  lofs  of  weight,  therefore,  was  only  thirty- 
eight  grains. 

It  was  of  fome  importance  to  compare,  as  in 
experiment  the  firft  and  fecond,  the  lofs  of  weight 
obfervable  during  the  effervefcence  with  the  quan- 
tity of  elaftic  fluid  which  is  feparated.  To  effect 
this,  the  apparatus  ufed  in  experiment  the  firft 
was  employed  in  manner  following : 


EXPERIMENT    VI. 

to  determine  the  quantity  of  elastic 
Fluid  which  separates  from  Lime  dur- 
ing its  Solution  in  the  Nitrous  Acid. 

IN  the  bottle  I.  fig.  ift.  was  placed  an  ounce 
and  a  half  of  the  nitrous  acid,  before  employed, 

and 
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and  three  drachms,  twenty-feven  grains  of  lime, 
flaked  and  dried  (which  appears  to  be  the  pro- 
portion necefTary  to  faturate  that  quantity  of  acid) 
were  put  into  the  bafon  Q^  The  reft  was  difc 
pofed  as  in  experiment  the  fecond. 

The  combination  was  formed,  as  in  the  pre- 
ceding experiment,  with  a  little  motion  of  eflfer- 
vefcence  or  ebullition.  In  the  firft  inftant,  the 
water  defcended  fuddenly  three  or  four  inches  in 
the  receiver  N.  N.  O.  O.  but  in  a  few  feconds  it 
recovered  its  level,  and  fettled  about  an  inch 
below  the  former  mark.  The  receiver  was  luke- 
warm, and  as  it  contained  a  confiderable  body  of 
air,  a  very  fenfible  dilatation  would  naturally 
refult,  accordingly  in  proportion  as  that  air  re- 
turned to  the  fame  degree  of  heat  with  that  of 
the  laboratory,  the  water  remounted,  and  the 
feparated  air  was  found  reduced  to  a  cylindrical 
fpace  of  four  lines  in  height,  by  feventy  lines 
~    in   diameter,    i.  e.    of   nine    cubic    inches, 

IOO  * 

Had  this  experiment  been  made  with  the  fame 
quantities  of  materials  as  in  experiment  the  fifth, 
there  is  no  doubt  but  a  quantity  of  elaftic  fluid, 
four  times  as  great,  would  have  been  feparated, 

,     i.  e. 
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i.  e.  thirty-fix  cubic  inches.  But  fuppofing,  as 
we  may  here  do  without  any  fenfible  error,  that 
this  fluid  was  exactly  equiponderant  with  air, 
thefe  thirty-fix  inches  ihould,  in  the  temperature 
of  the  laboratory,  weigh  164-  grains.  The  total 
lofs  of  weight  in  experiment  the  fifth  was  but 
thirty-eight  grains  •,  from  whence  it  follows,  that 
notwithstanding  the  great  heat  undergone  during 
the  difiblution,  the  lofs  of  weight  caufed  by  the 
evaporation  was  only  twenty-one  grains  two 
thirds. 

General  conch/tons  deducible  from  the  fix  preced- 
ing Experiments. 

IT  is  immediately  evident  from  the  third  ex- 
periment, iff.  That  the  quantity  of  one  ounce, 
five  drachms,  and  thirty-fix  grains  of  flaked 
lime,  employed  in  experiment  the  fifth,  and  ne- 
cefTary  to  faturate  fix  ounces  of  nitrous  acid/  con- 
tained three  drachms  and  three  quarters  of  a 
grain  of  water.  2dly,  From  experiment  the 
iixth  it  appears,  that  the  fame  quantity  of  flaked 
lime  contained  fixteen  grains  and  a  half  of  elaftic 
fluid.    It  contained  therefore  only,  in  reality,  one 
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ounce,  two  drachms,  eighteen  grains,  and  three 
quarters  of  alkaline  earth  ;  but  in  experiment 
the  firft,  two  ounces,  three  drachms,  and  thirty- 
fix  grains  of  chalk,  were  neceffary  to  faturate  an 
equal  quantity,  viz.  fix  ounces  of  the  nitrous 
acid  \  from  whence  it  feems,  that  we  may  con- 
clude, that  two  ounces,  three  drachms,  and  thir- 
ty-fix grains  of  chalk,  in  like  manner,  do  not 
contain  more  than  one  ounce,  two  drachms, 
eighteen  grains  and  three  quarters  of  alkaline 
earth  •,  and  that  they  contain  befides,  three 
drachms  and  three  quarters  of  a  grain  of  water, 
and  fix  drachms,  fixteen  grains  and  a  half  of 
elaftic  fluid,  which  fix  drachms,  fixteen  grains 
and  a  half,  by  experiment  the  fifth,  are  equivar 
lent  to  eight  hundred  cubic  inches.  From 
whence  it  follows,  that  a  cubic  inch  of  the  elaftic 

fluid  contained  in  chalk  weighs  -i-L   or    fome- 

0       1000 

thing  above  half  a  grain,  in  a  heat  of  fixteen  or 
feventeen  degrees  of  Reaumur's  thermometer. 
Whereas  a  cubic  inch  of  common  air,  in  the 
fame  temperament,  weighs,  according  to  Mr. 
De  Luc,  no  more  than  -^-  or  fomethinor  lefs 

IOOO  <D 

than  half  a  grain.  This  difference  happens 
either  becaufe  the  elaftic  fluid  difcharged  from 

chalk 
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chalk  is  actually  a  little  heavier  than  atmofphe- 
ric  air ;  or  becaufe  it  is  charged  with  vapours  in 
its  reparation  from  the  chalk ;  or,  laftly,  becaufe 
chalk  contains  more  water  than  flaked  lime. 

If,  as  we  have  juft  faid,  two  ounces,  three 
drachms  and  thirty-fix  grains  of  chalk  are  really 
compofed  of  one  ounce,  two  drachms,  eighteen 
grains  and  three  quarters  of  alkaline  earth  — 
three  drachms  and  three  quarters  of  a  grain  of 
water,  and  fix  drachms,  fixteen  grains  and  a 
half  of  elaitic  fluid;  it  mull  neceffarily  follow 
that  thefe  different  fubftances  combined  with 
each  other  in  the  fame  proportions,  fliould  make 
a  calcareous  earth  or  chalk.  To  obtain  a  full 
proof  of  this,  the  following  experiment  was 
made.     - 


EXPERIMENT. 
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EXPERIMENT    VIL 

to  reproduce  calcareous  earth  or  chalk, 
by  restoring  to  llme  the  water  and 
Elastic  Fluid  of  which  it  has  been  de- 
prived by  Calcination, 

I  weighed  five  drachms  and  twenty-two 
grains  of  quick  lime.  We  may  recoiled:  that 
this  quantity  is  precifely  adequate  to  one  ounce, 
one  drachm  and  fifty-four  grains  of  chalk.  The 
lime  was  thrown  into  eight  pints  of  diftilled  wa- 
ter. It  was  very  foon  divided  by  the  water,  and 
in  part  difiblved ;  but  a  confiderable  portion  re- 
mained depofited  at  the  bottom  of  the  veflel. 

I  took,  on  the  other  hand,  a  glafs  bottle  A. 
fig.  4.  tubulated  at  E  ;  and  filled  it  up  to  B.C. 
fig.  5.  i.  e.  nearly  about  a  third,  with  chalk  in 
grofs  powder.  I  then  fitted  the  funnel  G.  to  it, 
which  was  luted  well  to  the  neck  of  the  bottle, 
fo  that  there  could  be  no  communication  of  air 

by 
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by  the  juncture;  and  fixed  to  the  end  of  a  fmall 
rod  O.  P.  a  cork  P.  of  fuch  a  fize  as  exactly  to 
flop  the  neck  t)f  the  funnel  G.  I  luted  to  the 
orifice  E,  a  glafs  fyphon  E.  H.  I.  and  brought 
its  extremity  L  to  the  bottom  of  a  delph  bucket 
K. L.M.N,  which  contained  the  lime  water. 
Laftly,  I  filled  the  funnel  G.  with  dilute  vitriolic 
acid,  and  lifted  up,  from  time  to  time,  the  cork 
P.  that  fome  portion  of  the  acid  might  be  in- 
troduced into  the  bottle,  A. 

The  air  which  -was  detached  in  the  effervef- 
cence,  occafioned  by  the  di Ablution  of  the  chalk 
in  the  vitriolic  acid,  pafTed  through  the  fyphon 
E.  H.  I.  and  bubbled  in  the  lime-water  contained 
in  the  veiTel  K.  L.  M.  N.  At  the  fame  time  the 
lime-water  became  turbid,  and  having  continued 
fo  for  a  confiderable  time,  I  proceeded  fo  far  as 
to  precipitate  all  the  lime,  and  to  render  the 
water  which  floated  above  it  abfolutely  fweet. 
I  then  decanted  the  liquor ;  the  earth  which  re- 
mained at  the  bottom  was  dried  in  a  heat  equal 
to  that^  in  which  quickfilver  boils  ;  after  which 
it  was  found  to  weigh  one  ounce,  one  drachm 
and  thirty-fix  grains,     Its  weight,  according  to 

the 
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the  foregoing  refults,  fliould  have  been  one 
ounce,  one  drachm  and  fifty-four  grains.  This 
difference  of  eighteen  grains,  which  cannot  be 
deemed  very  considerable,  happened  either  from 
the  inevitable  lofs  which  miift  attend  almoft  every 
experiment,  were  it  only  from  a  fmall  quantity 
of  the  earth  remaining  attached  to  the  vefTels  5  or 
perhaps  the  lime  in  this  experiment  was  not  fo 
perfectly  faturated  with  the  elaftic  vapour  as  it 
might  have  been. 

This  calcareous  earth  moreover  differed  in  nq> 
refpect  from  chalk.  It  yielded,  by  diffolving  it 
in  the  nitrous  acid,  a  quantity  of  elaftic  fluid 
nearly  equal  to  what  chalk  affords ;  the  lofs  of 
weight  which  it  fuffered  in  the  procefs  was  alfo 
the  fame  \  it  no  longer  feparated  the  volatile  al- 
kali offal  ammoniac  in  the  cold  :  in  a  word,  it 
was  not  in  any  refpecl  diftingui friable  from  com- 
mon powdered  chalk. 


EXPE- 
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EXPERIMENT    VIII. 

to  determine  the  specific  gravity  of 
Lime-Water  before  and  after  Preci- 
pitation, 

Into  fome  diftilled  water  which  was  of  a  tem- 
perature of  feventeen  degrees  of  Reaumur's  ther- 
mometer, I  plunged  a  filver  water- gage  re- 
prefented  figure  6th.  This  inflrument  is  con- 
ftrudled  on  the  fame  principles  as  that  defcribed 
by  Farenheit  in  the  Philofophical  Traafadtions  -9 
viz.  the  fhaft  D.  E.  inftead  of  being  graduated 
in  the  fame  manner  as  Boyle's  areometer,  had 
only  a  fmall  mark  engraved  at  E.  nearly  about 
the  middle.  This,  fhaft  is  but  three  inches  long  -9 
at  the  top  is  a  bafon  proper  to  receive  the  weights;, 
the  inftrument  is  to  be  loaded  fo  as  to  fink  it  in 
the  fluid  to  the  mark  E,  by  which  the  fpecific. 
gravity  may  be  determined.  The  waterpoife  is 
ballafted  at  its  lower  end,  viz.  at  B.  C.  with  tin. 
Its  weight  is  nine  ounces  and  fixty-four  grains. 
That  it  might  fxnk  to  the  mark  E»  in  diftilled 

water, 
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water,  at  the  temperature  of  feventeen  degrees 
of  Reaumur's  thermometer,  I  was  obliged  to  load 
it  with  twenty  grains  and  a  half.  Hence  it  fol- 
lows that  it  difplaces  a  volume  of  diftilled  water 
of  nine  ounces,  one  drachm,  twelve  grains  and 
a  half. 

Having  withdrawn  the  water-gage  from  the 
diftilled  water,  I  threw  in  a  good  deal  more  lime 
than  it  could  diflblvej  it  was  then  filtered,  and 
as  foon  as  it  was  found  to  be  of  the  temperature 
mentioned  in  the  lad  experiment,  I  plunged  the 
water-gage  into  it  \  but  it  could  not  be  made  to 
fink  to  the  fame  mark  without  loading  it  with 
thirty-two  grains.  Therefore  the  weight  of  the 
volume  of  lime-water  difplaced  by  the  waterpoife 
was  nine  ounces,  one  drachm  and  twenty-four 
grains ;  which  fettles  the  relative  fpecific  gravity 
of  diftilled  water  to  lime-water  to  be  as  1 0000.0a 
to  1002135. 


R2  EXPE^ 
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EXPERIMENT    IX. 

to  determine  the  specific  gravity  of 
Lime-Water  into  which  the  Elastic 
Fluid  discharged  by  Effervescence  has 
been  suffered  to  pass. 

Elastic  air  detached  by  the  effervefcence  of 
chalk  and  fpirit  of  vitriol  was  made  to  bubble, 
as  in  experiment  VI.  into  fatura^ted  lime-wa- 
ter ;  as  foon  as  the  precipitation  was  com- 
pletely finifhed,  the  liquor  was  fuffered  to  (land 
(till,  after  which  it  was  decanted,  and  the  water- 
gage  was  caft  into  it.  The  weight  of  the  fluid 
difplaced  was  found  to  be  nine  ounces,  one 
drachm,  twelve  grains  and  three  quarters,  or 
fenfibly  the  fame  as  that  of  diftilled  water; 
hence  it  is  apparent  that  the  elaftic  fluid  had 
precipitated  all  the  lime,  and  rendered  it  info- 
luble  in  water. 


EXPE- 
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EXPERIMENT    X. 

to    impregnate    water,    or   any   other. 
Fluid,  with  Fixed  Air  or  Elastic  Fluid. 

Figure  7th.  reprefents  the  apparatus  by 
which  I  performed  all  experiments  of  this  fort ; 
it  does  not  differ  from  that  of  figure  5th.  ex- 
cepting that  I  have  fubftituted  the  bottle  I.  tu- 
bulated at  R.  inftead  of  the  bucket  K.  L.  M.  N, 
Some  chalk  grofsly  powdered  was  placed  in  the 
bottle  A.  as  in  the  feventh  experiment,  and  the 
vitriolic  acid  was  added  gradually  through  the 
funnel  G.  * 

In  proportion  as  theelaftic  fluid  was  difcharged 
by  the  efFervefcence,  it  was  obliged  to  enter  the 

fyphon 

*  Dr.  Nooth  has  communicated  to  the  Royal  Society  7 
a  defcription  of  a  very  convenient  apparatus  for  impreg- 
nating water  with  fixed  air,  and  of  the  manner  of  con- 
ducting that  procefs.  Vide  Philofophical  Tranfactions, 
Vol.  LXV.  Part  I.  page  59. 

R  ? 
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fyphon- E.  H»I.  to  pafs  into  the  bottle  L  and 
to  bubble  through  the  diftilled  water  or  other 
liquor  confined  in  it.  It  is  neceffary  that  all  the 
junctures  of  the  veffels  be  exactly  luted  in  this 
experiment.  The. orifice  R.  muft  alfo  be  flopped 
with  a  good  cork.  By  this  means  we  keep  an 
atmofphere  of  elaftic  fluid,  much  more  condenfed 
than  atmofpheric  air,  in  the  bottle  I.  and  the 
liquor  abforbs  it  more  readily  and  in  greater 
abundance  than  if  it  were  not  compreffed.  It  is 
necefTary  to  unftop  the  tube  R.  now  and  then,, 
for  fear  the  vefTels  mould  break,  or  that  the  va- 
pours being  too  much  condenfed  fhould  efcape 
by  the  junctures;  there  is  always,  befides,  a 
large  quantity  of  elaftic  fluid  feparated  in  the 
erFervelcence,  which  is  not  capable  of  being  com- 
bined with  water,  and'  which  it  is  necelfary  to  let 
put  occafionally.* 


EXPE- 
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EXPERIMENT    XL 

To  compare  the  Specific  Gravity  of  Wa- 
ter IMPREGNATED  WITH  ELASTIC  FLUID 
WITH  THAT  OF  DISTILLED  WATER. 

Some  diftilled  water  was  faturated  with  elaftic 
fluid  by  the  method  defcribed  in  the  laft  experi- 
ment. The  water  had,  very  fenfibly,  an  acidu- 
lous tafte,  and  more  confiderably  fo,  in  my  opi- 
nion, than  when  prepared  by  Dr.  Prieftley's 
procefs. 

Having  plunged  in  the  water-gage,  repre- 
fented  in  figure  6th.  the  fluid  difpkced  was 
found  to  weigh  nine  ounces,  one  drachm  and 
thirteen  grains  in  a  temperature  of  19-  de- 
grees. An  equal  bulk  of  diftilled  water  of 
the  fame  temperature  weighed  only  nine  ounces, 
one  drachm,  eleven  grains  and  a  quarter.  The 
difference  is  one  grain  and  three  quarters.  So 
that  the  fpecific  gravity  of  water  impregnated 
with  fixed  air  is  to  that  of  diftilled  water  as 
1000332  to  1000000. 

R4  The 


iJfi.   OF  THE  ELASTIC  FLUII} 

The  fame  water,  having  been  agitated  by 
pouring  it  five  or  fix  times  from  one  veffel  to 
another,  loft  its  acidulous  tafte ;  proceeding  then 
to  prove  the  weight  of  the  water  in  this  (late, 
the  bulk  difplaced  was  only  nine  ounces,  one 
drachm,  eleven  grains  and  one  third,  viz.  nearly 
the  fame  as  that  of  diftilled  water. 

It  is  probable,  that  if  the  experiment  were 
repeated  in  cold  weather,  one  might  charge  the 
water  with  a  much  larger  quantity  of  elaftic 
fluid  -,  but  I  fliall  poftpone  this  experiment  for  a 
future  occafion. 


EXPERIMENT    XII. 

To  precipitate  Lime-Water,    by   adding 
Water  impregnated  with  Elastic  Fluid. 

;  A  cujantity  of  the  fame  lime-water,  the 
fpecific  gravity  of  which  was  determined  in  ex- 
periment VIII.  was  placed  in  a  receiver,  and 
mixed  gradually  with  fame  water  which  had 

been 
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been  impregnated  with  elaftic  fluid.     The  lime- 
water  became  inftantly   turbid,    and    the   earth 
precipitated  to  the  bottom  of  the  vefTel  •  more 
of  the  water  impregnated  with  elaftic  fluid  was 
added,  till  I  was  aflured  that  the  precipitation 
was  completed.     The  liquor  was  then  fufFered 
to  ftand  awhile,  and  as  foon  as  it  was  perfectly 
clear,  the  water-gage  was  thrown  in ;  the  fpecific 
gravity  was  found  to  be  nearly  the  fame  as  that 
of  diftilled  water.  The  difference  was  only  about 
6,000095  ;  and  even  this  fmall  variation  might 
proceed,   from  my  not  having  employed  pre- 
cifely  the  proportions  of  lime-water,  and  water 
impregnated  with  elaftic  fluid*  neceflary  to  make 
the  precipitation  per  feci.      We  may  eafily,    in 
fact,  conclude,  from  comparing  this  experiment 
with  the  following,  that  on  exceeding  ever  fo 
little  in  the  quantity  of  either  kind  of  water* 
there  will  remain  alike*  in  each  cafe,  a  portion  of 
earth  united  with  the  water.     The  earth  precipi- 
tated in  this  experiment  was  no  longer  in  a  ftate 
of  quick  lime,  it  effervefced  with  acids,  and  did 
not  feparate  the  volatile  alkali  from  fal  ammoniac 
without  the  aid  of  heat*     It  was  become  a  true 
chalk. 

EXPE- 
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EXPERIMENT    XHL 

to  redi5sglve  the  llme  after  it  has  been 
precipitated,  by  a  fresh  addition  of 
Water  impregnated  with  Fixed  Air. 

THE  precipitation  of  lime  water,  by  mixing 
with  it  water  impregnated  with  fixed  air,  affords 
a  lingular  phenomenon ;  for  if,  after  having  pre<- 
cipitated  all  the  lime,  as  in  the  laft  experiment, 
one  continue  to  add  ftili  more  of  the  water  im- 
pregnated with  fixed  air,  all  the  calcareous  earth 
which  had  been  precipitated  will  be  rediflblved, 
and  the  liquor  become  perfectly  tranfparenL 

.  I  SHAI.L  examine,  in  a  particular  chapter,  the 
eJFe&s  of  water  thus  charged  with  a  folution  of 
calcareous  earth  combined  with  elaftic  fluid. 


Conclufion  of  this  Chapter, 

IN   reviewing  the   different    experiments   of 
which  I  have  given  an  account  in  the  preceding 

chapter^ 
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chapter,  we  cannot  refufe,  our  affent  to  the  fal- 
lowing conferences. 

First,  That  there  exifts  in  calcareous  ftones 
and  earths  an  elaftic  fluid,  a  fpecies  of  air  under 
a  fixed  form,  and  that  this  air,  when  it  has  re- 
covered its  elafticity,  poffeftes  the  principal  phy- 
fical  properties  of  air. 

Secondly,  That  a  hundred  pounds  weight  of 
chalk,  according  to  the  above  proportions,  con- 
tains about  thirty-one  pounds,  fifteen  ounces  of 
this  elaftic  fluid  ;  fifteen  pounds,  kven  ounces 
of  water;  and  only  fifty-two  pounds,  ten  ounces 
of  alkaline  earth. 

Thirdly,  That  it  is  even  poffible,  that  the 
chalk  may  contain  (till  lefs  alkaline  earth,  and 
more  elaftic  fluid,  but  that  hitherto  we  are-  not 
acquainted  with  any  method  of  depriving  it  of 
more,  or  of  carrying  its  analyfis  farther. 

Fourthly,  That  alkaline  earth  may  exift  in 
three  different  ftar.es  :  firft,  faturated  with  water 
and  elaftic  flpid,  as  in  chalk  :  fecondly,  depriv- 
ed 
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ed  of  its  elaftic  fluid,  but  faturated  with  water, 
as  in  flaked  lime:  and,  thirdly,  deprived  both 
of  its  elaftic  fluid  and  water  as  in  quick-lime. 

Fifthly,  That  quick  lime,  or  alkaline  earth, 
deprived  both  of  its  water  and  elaftic  fluid,  con- 
tains a  great  quantity  of  the  matter  of  pure  fire, 
which  it  has  probably  acquired  during  its  calci- 
nation, and  that  to  this  matter  is  owing  the  great 
heat  which  is  obfervable  during  the  extinction  of 
lime,  and  its  dhTolution  in  acids. 

Sixthly,  That  it  is  not  fufficient  to  faturate 
quick  lime  with  water,  in  order  to  deprive  it  of 
the  fuperabundant  quantity  of  igneous  particles  * 
but  that  they  remain  after  this  operation;  fince 
flaked  lime  communicates  a  confiderable  degree 
of  heat  to  the  nitrous  acid,  in  which  it  is  dif- 
folved  •,  a  phenomenon  which  is  not  produced  by 
calcareous  earth  or  chalk. 

Seventhly,  That  it  is  by  no  means  this  fu- 
perabundant igneous  matter  which  reduces  the 
alkaline  earth  into  the  ftate  of  lime,  fince  flaked 
lime,  when  deprived  by  the  flaking  of  a  great 

part 
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part  of  this  fire,  is,  notwithftanding,  no  lefs  fo- 
luble.  in  water,  ftill  continues  to  decompofe  fal 
ammoniac  without  the  affiftance  of  heat,  and 
does  not  communicate  a  lefs  degree  of  caufticity, 
to  either  the  fixed  or  volatile  alkalis.  In  a  word, 
it  is  no  lefs  lime  than  before  it  has  been  flaked. 

Lastly,  That  it  is  fufficient  that  we  reftore 
to  lime,  by  any  means  whatfoever,  the  elaftic 
fluid  of  which  it  has  been  deprived,  to  render  it 
mild,  infoluble  in  water,  and  capable  of  effer- 
vefcing  with  acids ;  in  flhort,  to  re-eftablifh  it  in 
the  (late  of  calcareous  earth  or  chalk  *. 

CHAP- 


*  I  have  only  fpoken,  in  this  chapter,  of  one  fpecies 
of  calcareous  earth,  that  I  might  not  throw  any  confufion 
on  the  experiments,  and  lofe  fight  of  the  principal  object. 
All  the  pure  calcareous  earths,  which  I  have  had  an  op- 
portunity of  examining,  prefent  the  fame  phenomena  as 
chalk.  They  are  all  compofed  of  an  alkaline  earth  and 
water  combined  with  elaftic  fluid  in  a  fixed  Hate ;  but  they, 
almoft  all,  differ  in  the  proportions  in  which  thefe  thre® 
fubftances  enter  into  their  compofition. 

Some  experiments  even  lead  me  to  believe,  that  it  is 
partly  from  the  difference  of  thefe  proportion^  that  the 

fpars 
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CHAPTER    IL 

Of  the  EXISTENCE  Of  an  ELASTIC 
FIXABLE  FLUID  in  the  FIXED  and 
VOLATILE  ALKALIS,  and  of  the 
MEANS  by  which  they  may  be  deprived 

OF  IT. 

AFTER  .having  proved  the  exiftence  of 
the  elaftic  fluid,  under  a  fixed  form,  in 
calcareous  earths  ->   that  the   fluid  conftitutes  a 

confi- 

fpars  pofFefs  their  dlverfity  of  figure.  I  have  found,  for 
inftance,  that  the  fpecies,  defcribed  by  Valerius,  by  the 
name  of  Spathum  pellucidum  fianjefcens,  contained  lefs  alka- 
line earth,  and  more  fixed  air,  than  an  equal  quantity  of 
chalk.  The  piece  which  I  made  my  experiments  upon, 
was  taken  from  the  lime-Hone  quarries  between  Chaumont 
en  Baffigny  and  Vignory.  Two  ounces,  fix  drachms, 
thirty-three  grains  of  it,  were  necefiary  to  faturate  fix 
ounces  of  the  above  mentioned  nitrous  acid  j  whereas,  two 

ounces, 
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confiderable  part  of  their  weight ;  and  that  the 
caufticity  of  lime  is  principally  owing  to  the 
abfence  of  it;  it  remains  for  me  to  trace  the 
combination  of  this  fluid  with  different  fubftances 
in  nature,  and  particularly  with  alkaline  fub- 
ftances  and  with  metals. 

The  fixed  vegetable  alkali,  which  is  produced 
by  the  burning  of  vegetables,  and  commonly 
known  by-  the  name  of  fait  of  tartar,  appeared 

to 


ounces,  three  drachms,  thirty-fix  grains  of  chalk,  were 
fufficient  for  the  fame  purpofe.  On  the  other  iide,  the 
lofs  of  weight,  after  the  combination,  inftead  of  being  ex- 
actly an  ounce,  as  in  chalk,  was  an  ounce  and  two  drachms. 
The  folution  of  this  fpar  had  a  greenifh  cafl,  and  there  re- 
mained a  fmall  white  fediment,  infoluble  in  acids. 

A  spar  from  St.  Marie-aux  mines,  in  white  cryHalline 
groupes,  of  the  Drufen  fpecies,  which  has  much  affinity  to 
that  reprefented  in  fig.  7.  of  Valerius's  Mineralogy,  afford- 
ed nearly  the  fame  refults  as  chalk.  The  quantity  necef- 
fary  to  faturare  fix  ounces  of  nitrous  acid  was  tv/o  ounces 
three  drachms ;  and  the  lofs  of  weight,  in  the  combina- 
tion, one  ounce  and  three  grains.  This  fpar  depofited  a 
yellow  fediment,  which  would  not  diffolve  in  acids.  I  in- 
tend fomctyne  to  purfue  thefe  experiments  farther. 
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to  me  not  well  adapted  to  be  employed  in  the 
experiments  of  which  I  am  going  to  give  an  ac- 
count, ift,  Becaufe  it  is  difficult  to  bring  it  al- 
ways to  one  fixed  and  determinate  point  of  drynefs, 
and  the  greater  or  lefs  quantity  of  water  which 
it  retains,  may  occafion  very  confiderable  errors, 
sdly,  That  having  a  very  ftrong  propenfity  to 
.attract  the  moifture  from  the  air,  it  changes  its 
weight  almofl:  every  moment.  The  cryftals  of 
ioda,  or  mineral  alkali  purefied,  cryftallized, 
and  dried  on  brown  paper,  appeared  preferable  5 
provided  that  care  were  taken  to  keep  them  al- 
ways in  bottles,  well  (topped,  to  prevent  their 
effervefcence.  I  therefore  made  ufe  of  this  alka- 
li in  the  following  experiments  : 


EXPERIMENT     I. 

The  Solution  of  Crystals  of  Soda  in  the 

Nitrous  Acid. 

INTO  a  long  narrow  necked  matrafs  were 
put  fix  ounces  of  the  fame  nitrous  acid  as  that 
yfed  in  the  firft  experiment,  Chap.  I.     A  given 

weight 


FIXED  AND  VOLATILE  ALKALIS.   257 

weight  of  the  cryftals  of  foda  was  alfo  diflblved 
in  a  given  quantity  of  diftilled  water,  fix  ounces 
of  nitrous  acid  were  gradually  faturated  with 
this  alkaline  liquor,  and  to  arrive  at  that  point, 
it  was  neceflary  to  employ  ten  ounces,  fix 
drachms,  fixty-three  grains  of  water,  and  fix 
ounces,  two  drachms,  fifteen  grains  |  of  the  mi- 
neral alkali  j  (till  the  acid  was  rather  predomi- 
nant. The  total  of  the  ingredients,  employed  in 
the  combination,  weighed  twenty- three  ounces, 
one  drachm,  fix  grains  1. 

The  erTerveicence  was  brifk,  but  unattended 
by  heat ;  after  which  the  fame  ingredients  weigh- 
ed no  more  than  twenty- two  ounces,  fixty-two 
grains  ~.  The  lois  of  weight,  therefore5  was 
16I  grains. 


E&PE- 
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EXPERIMENT    II. 


to  measure  the  quantity  of  elastic 
Fluid,  separated  from  Soda  during 
its  Dissolution  in  the  Nitrous  Acid. 

I  MADE  ufe,  in  this  experiment,  of  a  fixth 
part  of  the  quantities  employed  in  the  preceding 
one.  I,  therefore,  placed,  in  the  phial- 1,  fig. 
lit,  one  ounce  of  nitrous  acid,  and  in  the  bafon 
Q^  one  ounce,  twenty-fix  grains  f  of  cryftals  of 
foda,  diflblved  in  two  ounces  of  water.  The 
whole  was  covered  with  the  large  Receiver 
N.  N.  O.  O.  and  the  water  being  raifed  to  a 
fuitable  height,  and  its  furface  covered  with  oil, 
the  fwing  was  fet  in  motion. 

The  effervefcence  was  brifk,  and  the  quantity 
of  elaftic  fluid  feparated  was  1-3,5  cubic  inches. 
If  then  equal  quantities  had  been  ufed  in  this,  as 
in  the  preceding  experiment,  there  would  have 
been  a  feparation  of  810  cubic  inches  of  elaftic 
fluid. 

The 
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The  barometer,  during  this  experiment,  was 
at  twenty-eight  inches  one  line  -J,  and  Mr.  Reau- 
mur's fpirits  of  wine  thermometer  at  fifteen  de- 
grees^; from  whence  it  may  be  concluded,  after 
the  rules  eftablifhed  by  Mr.  de  Lnc$  that  the  at- 
mofpheric  air  weighed,  at  that  inftant,  abouE 
—  of  a  grain  t0  the  cubic  inch.  If,  therefore, 
the  elaftic  fluid  which  was  difengaged  had  been 
only  pure  air,  its  weight  would  have  been  no 
more  than  five  drachms,  twelve  grains^,  but  the 
lofs  of  weight  was  found  to  be  one  ounce,  fix- 
teen  grains  ;■£■ ;  from  whence  an  excefs  refuks  of 
three  drachms,  three  grains  |.  This  difference 
happens,  as  has  been  before  obferved,  with  re- 
fpedt  to  chalk,  either  becaufe  the  fluid,  difcharg- 
ed  by  the  effervefcence,  is  heavier  than  at  mof- 
pheric air,  or  becaufe  it  carries,  up  with  it  fome. 
watery  vapours. 

From  this  experiment  it  is  evident,  id,  That 
more  mineral  alkali,  than  chalk,  is  requifite  to 
faturate  a  given  quantity  of  nitrous  acid  \  which 
fhews,  that  the  fait  retains  much  water  in  its 
cryftallization  and  compofition.  2dly,  That  if* 
©n  one  fide,  the  foda,  in  equal  weights,  contains 
S  2  a  much 
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a  much  lefs  quantity  of  elaftic  fluid  than  chalk ; 
on  the  other  hand,  it  contains  a  quantity  in 
fufficiently  exact  proportion  to  its  quantity  of  al- 
kaline matter ;  for  we  may  recollect,  that  in  fa- 
turating  fix  ounces  of  nitrous  acid  with  chalk, 
800  cubic  inches  of  elaftic  fluid  were  obtained, 
and  the  feparation  of  the  fame  fluid  from  foda 
amounted  to  810  •,  but  thofe  two  quantities  may 
be  regarded  as  not  fenfibly  different. 

We  might,  perhaps,  from  hence,  fuppofe  that 
fix  ounces,  two  drachms  and  15  grains  ~  of  foda  •, 
contains  an  equal  weight  of  alkaline  matter  to 
that  contained  in  two  ounces,  three  drachms  and 
thirty-fix  grains  of  chalk,  and  might  make  a  to- 
lerably probable  calculation  of  the  proportion  of 
water,    of  elaftic  fluid   and   alkaline   fubftance 
which  the  foda  contains  \  but  I  acknowledge,  at, 
the  fame  time,  that  a  greater  number  of  experi- 
ments are  neceflary  to  give  a  certain  degree  of  e- 
vidence  to  this  calculation.      According  to  this 
mode  of  reckoning   it   would  follow,    that  fix 
ounces,  two  drachms  and  fifteen  grains  ■§■  of  foda 
contain  only  one  ounce,  two  drachms  and  eigh- 
teen grains  J  of  alkaline  matter,  one  ounce  of 

elaftic 
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elaftic  fluid,  and  three  ounces,  feven  drachms 
and  fixty-nine  grains  of  water  5  at  leaft  this  cal- 
culation cannot  be  far  from  the  truth.  When 
thefe  quantities  are  brought  to  the  hundred,  the 
refult  will  then  be  that  one  hundred  weight  of 
foda  contains  fixty  three  pounds  ten  ounces  of 
water,  fifteen  pounds  fifteen  ounces  of  elaftic  flu- 
id, and  twenty  pounds  feven  ounces  of  alkaline 
matter. 


EXPERIMENT     III. 

The  Diminution  of  Specific  Gravity,  in  a 
Solution  of  the  Crystals  of  Soda,  by 
the  Addition  of  Lime. 

TWO  ounces  of  cryftals  of  foda  were  diflblved 
in  fourteen  ounces  of  diftilled  water.  The  filver 
hydrometer,  reprefented  in  fig.  6.  which  dif- 
places,  as  we  have  before  feen,  nine  ounces,  one 
drachm,  twelve  1  grains  of  diftilled  water,  in  a 
temperature  of  feventeen  degrees  of  Reaumur's 
thermometer,  was  then  immerfed  into  the  folu- 
tion  ;  the  weight  of  an  equal  bulk  of  the  folution 
S  3  of 
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of  foda,  was  found  to  be  nine  ounces,  four 
drachms,  fifty-fix  ~  grains,  which  gives  the  pro- 
portion between  the  fpecific  gravity  of  .diftilled 
water,  and  that  of  the  folution  of  foda,  as 
loooooo  is  to  1049350. 

To  this  folution  was  added,  one  ounce  of  lime 
flaked  and  dried  (Exp.  III.  chap.  I.)  viz.  an  al- 
kaline earth  faturated  with  water,  but  deprived 
~of  its  elaftic  fluid ;  I  ihook  the  liquor,  for  fome 
moments,  to  give  the  lime  time  to  act  upon  the 
foda,  after  which  I  left  it  to  fettle.  In  a  fhort 
time  the  lime  gained  the  bottom  of  the  vefTel,  and 
formed  there  a  body,;  while  the  liquor  which 
fwam  above  it  appeared  clear  and  tranfparent. 
The  hydrometer  was  caft  in;  but  the  fluid, 
which  was  now  difplaced,  inftead  of  weighing,  as 
before,  nine  ounces,  four  drachms,  fifty- fix  ~ 
grains,  only  weighed  nine  ounces,  four  drachms, 
forty  |-  grains ;  which  fixes  the  ^relative  fpecific 
gravity  of  the  folution  to  that  of  diftilled  water, 
as  1600000  to  10463 13.    « 

Another  ounce  of  lime  was  then  added  to 
|rhe  fame  folution  §  it  was  fhaken  up  as  before^ 

and 
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and  left  to  fettle ;  the  weight  of  the  liquor,  dis- 
placed by  the  hydrometer,  was  found  to  be  no 
more  than  nine  ounces,  four  drachms,  twenty- 
one  grains,  viz.  in  the  proportion  of  1000000  to 
1042612. 

I  still  added  a  third  ounce  of  lime  i  it  pre- 
cipitated more  flowly,  and  did  not  collect  into  a 
body,  as  in  the  preceding  experiments ;  the  So- 
lution, however,  was  yet  feniibly  diminifhed  in 
its  fpecific  gravity;  the  bulk  difplaced  by  the 
hydrometer,  did  not  now  exceed,  in  weight,  nine 
ounces,  four  drachms,  fourteen  grains,  and  the 
proportionate  fpecific  gravity  between  it  and 
diftilled  water  was  as  1000000  to  1041093. 

On  each  addition  of  lime,  the  alkaline  folution 
erTervefced  lefs  with  acids;  in  fhort,  after  the 
third,  it  did  not  effervefce  at  all ;  the  only  ap- 
pearance that  could  be  obierved,  by  attending 
very  clofely,  was  fome  very  fmall  bubbles  which 
rofe  on  the  furface  of  the  liquor,  or  were  attach- 
ed to  the  fides  of  the  veffels  in  which  the  preci- 
pitation was  made.  Whatever  quantity  of  lime 
was  added  afterwards,  no  further  diminution 
S  4  could 
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could  be  made  in  the  fpecific  gravity  of  the  folu- 
tion,  nor  could  it  be  brought  to  the  (late  of  not 
difcharging  any  more  fmall  bubbles  on  mix- 
ing it  with  acids. 

This  experiment  affords  us  the  proportion  of 
flaked  lime,  requifite  to  reduce  the  foda  to  a 
cauftic  ftate  :  it  appears  to  be  three  parts  of  lime 
to  two  of  the  cryftallized  foda.  This  quantity 
of  lime  is,  indeed,  more  than  is  indifpenfably 
neceffary :  but  it  fee,tns  better,  when  we  wifh  to 
obtain  a  lixivium  in  the  higheft  degree  of  caufti- 
city,  to  employ  too  much  than  too  little.  If 
quick  lime  be  ufed  iniread  of  flaked  lime,  equal 
parts  will  be  fufficient.  We  have  feen,  in  fact, 
by  Experiment  III.  Chap.  I.  that  flaked  lime 
contains  fomething  more  that  ~  of  its  weight  of 
water. 

However  favourable  this  experiment  may 
appear  to  Dr.  Black's  fyflem,  it  might,  never- 
thelefs,  be  explained  alfo  on  that  of  Mr.  Meyer. 
The  partizans  of  the  laft  might  fay,  that  the  di- 
minution of  fpecific  gravity,  obferved  in  the  al- 
kaline folution,  in  proportion  as  the  lime  was 

added,, 
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added,  far  from  proving  that  the  lime  attracted 
any  thing  from  the  alkali,  proved  on  the  con- 
trary, that  the  lime  fupplied  the  latter  with  fome 
fubftance  of  a  lighter  nature  than  this  folution, 
and  that  this  was  performed  in  the  fame  manner 
as  is  obferved  relative  to  water,  the  fpecific  gra- 
vity of  which  is  diminifhed  by  the  addition  of  a 
fpirituous  liquor,  or  of  any  other  which  weighs 
lefs  than  itfelf :  that  it  is  very  probable  alfo,  that 
this  matter  was  nothing  but  phlogifton ;  and, 
laftly,  they  might  add,  that  the  property  of 
phlogifton,  of  leftening  the  fpecific  gravity  of 
liquors  with  which  it  is  combined,  is  a  fact 
known  in  chemiftry,  of  which  no  doubt  can  re- 
main *,  for  fpirit  of  wine,  oils,  and  many  other 
jubilances,  furnifh  examples  of  it. 

I  shall  not  flop  here  to  difcufs  thefe  objec- 
tions, it  would  lead  me  into  unneceflary  argu- 
ments -,  it  is  to  experiment  only  we  fliould  have 
recourfe  to  determine  their  merit;  and  I  (hall 
therefore  haften  to  purfue  that  method. 


EXPE- 
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EXPERIMENT    IV. 

The  Augmentation  in  Weight  of  Lime 

which  has  passed  through  an  alkaline 
Solution. 

FOUR  ounces  of  cryftals  of  foda  were  dirTolv-. 
ed  in  fourteen  ounces  of  diftilled  water;  to 
which  were  added  two  ounces  of  flaked  and 
dried  lime,  and  the  liquor  was  agitated  for  fome 
moments -,  when  all  the  lime  was  depofited,  I 
decanted  the  liquor;  the  earth  which  remained 
at  the  bottom  was  warned  with  feveral  waters, 
and  then  dried  in  a  degree  of  heat  in  which  mer- 
cury boils ;  when  afterwards  weighed,  it  was 
found  to  be  three  ounces  fix  grains. 

It  is  evident  from  this  experiment,  that  flak- 
ed lime  attracts  from  the  alkaline  folution,  fome 
fubftance  which  it  takes  poffeffion  of,  and  which 
increafes  its  weight  about  ^.  This  fubftance 
cannot  be  water,  ift,  becaufe  the  lime  was  al- 
ready 
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ready  faturated  with  it.  2dly,  That  in  attract- 
ing the  water  from  the  alkaline  folution,  it  would 
concentrate  the  latter,  fo  that  the  fpecific  gravi- 
ty of  the  folution  fhould  be  augmented,  inftead 
of  being  diminifhed,  as  we  have  feen  in  the  pre- 
ceding experiment.  TJie  following  experiments 
will  znform  us  what  that  matter  is  which  lime  at- 
tracts from  the  folution  of  foda, 


EXPERIMENT  V, 

to  make  whatever  portion  is  desired  of 
the  elastic  fluid  of  soda,  to  pass  into 
Lime,  and  afterwards  to  demonstrate 
it  in  the  Lime. 

I  dissolved  one  ounce  26-J-  grains  of  foda  in 
cryftals,  in  two  ounces  of  diftilled  water,  which 
according  to  Experiment  II,  ought  to  contain 
one  hundred  and  thirty  five  inches  of  elaftic  fluid  \ 
I  added  to  this  folution  two  drachms  of  flaked 
lime,  which,  by  Experiment  V.  chapter  I.  ihould 
contain  about  fix  cubic  inches  of  air.    The  whole 

.quantity 
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quantity  of  elaftic  fluid,  therefore,  employed  in 
this  experiment,  was  one  hundred  and  forty  one 
inches. 

If  thefe  two  drachms  of  lime  had  actually  at- 
tracted from  the  foda  a  portion  of  the  elaftic 
fluid  which  it  contained,  it  muft  neceflarily  fol- 
low, firft,  that  the  foda  (hould  contain  lefs  of  it 
than  before.  Secondly,  that  the  quantity  ab- 
ftracted  from  the  foda  mould  be  found  united 
with  the  lime.  To  verify  this  conjecture,  I  de- 
canted, on  one  part,  the  alkaline  folution  fwim- 
ming  above  the  lime,  to  the  very  laft  drop ;  on 
the  other  fide,  I  carefully  waihed  the  lime  which 
was  at  the  bottom,  and  laftly  I  faturated  each  of 
them,  feparately,  with  nitrous  acid,  in  the  appa- 
ratus defigned  to  meafure  the  quantity  of  air  dif- 
charged,  reprefented  in  figure  i. 

The  alkaline  folution,  inftead  of  135  inches, 
now  only  yielded  64 ;  the  lime,  on  the  contrary, 
which  fhould  have  only  produced  6  inches,  af- 
forded 80,  total  144,  which  was  within  three 
inches  of  the  total  quantity  employed. 

EXPE- 
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EXPERIMENT    VI. 

The  fame  experiment  was  repeated,  employ- 
ing the  fame  quantities  of  mineral  alkali  and  of 
water,  only  adding  four  drachms,  inftead  of  two, 
of  lime.  The  alkaline  folution  was  decanted, 
and  the  lime  warned  with  a  little  water  \  after 
which  I  fubmitted/  them  both  Separately  and 
fuccefllvely  to  the  apparatus  reprefented  in 
figure  1. 

The  feparation  of  air  from  the  alkaline  lixi- 
vium was  only  18  cubic  inches.  The  lime,  on 
the  contrary,  yielded  132*,  the  whole  amount, 
150  inches  ;  which  is  equal,  again,  within  about 
eight  inches,  to  the  total  quantity  of  elaftic  fluid 
employed  in  this  experiment. 

Four  drachms  of  flaked  lime  are  capable, 
according  to  the  experiments  related  in  the  pre- 
ceding Chapter,  of  abforbing  more  than  200 
cubic  inches  of  elaftic  fluid ;  however  k  wanted 
18  inches  of  attracting  the  135  inches  of  air 
which  the  foda  contained.     This  circumltance 

proves, 
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proves,  on  one  fide,  that  the  laft  portions  of 
elaftic  fluid  have  a  ftrong  adherence  to  alkaline 
fubftances  with  which  they  are  united ;  on  the 
other  hand,  that  lime,  after  it  is  combined  with 
a  certain  portion  of  elaftic  fluid,  no  longer  ads 
fo  powerfully,  as  before,  in  abforbing  more, 

I  shall  now  proceed  to  the  phenomena  ofr* 
fervable  in  the  volatile  alkali, 


EXPERIMENT    VIL 

The    Dissolution    of   concrete   Volatile 
Alkali   in  Nitrous  Acid. 


Into  a  fmall  matrafs,  with  a  long  neck,  were 
poured  fix  ounces  of  nitrous  acid,  and  a  quan- 
tity of  concrete  volatile  alkali  was  gradually 
added  till  the  acid  was  thoroughly  faturated. 

A  very  brifk  effervefcence  enfued,  and  the 
quantity  of  volatile  alkali,  neceflfary  to  com- 
pletely faturate  the  nitrous  acid,  was  2  ounces, 
6  drachms,  %6  grains.  The  total  weight,  there- 
fore, of  the  ingredients  employed,  was,  before 
their  mixture,  8  ounces,  6  drachms,  36  grains. 

The 
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The  combination  being  effected,  there  only  were 
found  7  ounces,  3  drachms,  60  grains ;  from 
whence  it  follows  that  the  lofs,  during  the  efFer- 
vefcence,  amounted  to  1  ounce,  2  drachms,  48 
grains. 

EXPERIMENT    VIIL 

to  measure  the  quantity  of  elastic  fluid 
discharged  from  a  given  quantity  of 
concrete  Volatile  Alkali. 

I  employed  in  this  experiment  ~  of  the  in- 
gredients of  the  preceding  one,  viz.  i-J-  ounce 
of  nitrous  acid,  and  5  drachms  45  grains  of  con- 
crete volatile  alkali.  The  combination  being 
made  in  the  apparatus  defcribed  fig.  ift.  yielded 
me  270^  cubic  inches  of  elaftic  fluid,  which  be- 
ing multiplied  by  4,  makes  1080  cubic  inches 
for  the  quantity  of  elaftic  fluid  contained  in  2 
ounces,  6  drachms,  36  grains  of  concrete  vola- 
tile alkali.  The  height  of  the  barometer,  at  the 
time  of  this  operation,  was  28  inches,  inline, 
and  of  the  thermometer  19  degrees.  The  weight, 
therefore,    of  a  cubic  inch  of  atmofpheric  air, 

was, 
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was,  as  Mr.  de  Luc  has  determined  it,  about 
the  i|  of  a  grain ;  confequently,  if  the  elaftic 
fluid,  feparated  from  concrete  volatile  alkali, 
were  no  heavier  than  atmofpheric  air,  io8o 
cubic  inches  ought  not  to  weigh  above  6  drachms 
54  grains  \  but  the  lofs  of  weight  amounted 
(Exp.  VII.)  to  i  ounce,  2  drachms,  48  grains; 
on  which  the  fame  reflections  may  be  made  as 
thofe  with  refpect  to  chalk  and  the  alkali  of 
foda*. 

EXPERIMENT    IX. 

The  Combination  of  Lime  with  a 
Solution  of  concrete  Volatile 
Alkali. 

Eighteen  ounces  of  diftilled  water,  and 
two  ounces  of  concrete  volatile  alkali  were  mix- 
ed together  in  a  veffel  which  was  immediately- 
corked  clofely.  The  folution  produced  cold,  as 
is  the  cafe  with  moft  falts.  When  the  faline  li- 
quor 

*  Vide  Exp.  II.  Chap.  I.  &c. 
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quor  had  recovered  the  temperature  of  the  labo- 
ratory, which  was  about  17  degrees  of  Reau- 
mur's thermometer,  I  immerfed  the  fame  filver 
hydrometer,  which  I  ufed  in  the  former  experi- 
ments ;  the  weight  of  the  fluid  difplaced  by  it, 
was  found  to  be  9  ounces,  3  drachms,  65^ 
grains,  fo  that  the  fpecific  gravity  of  this  folu- 
tion  was  to  that  of  diftilled  water  as  1037440  to 
1 000000. 

I  returned  this  folution  into  a  bottle  which 
was  well  corked  5  I  then  added  an  ounce  of  lime 
flaked  and  dried ;  the  veffel  was  fhaken  for  fome 
moments,  then  left  to  fettle,  and  the  liquor  be- 
ing decanted,  the  hydrometer  was  again  thrown 
into  it :  the  bulk  of  fluid  difplaced  by  the  in- 
ftrument,  was  found  to  be  fenfibly  lighter  than 
before  the  addition  of  the  lime.  Its  weight  was 
only  9  ounces,  2  drachms,  59  grains ;  that  is 
to  fay,  the  fpecific  gravity  of  the  folution  now 
exceeded  that  of  diftilled  water  only  in  the  pro- 
portion of  1022492  to  1 000000.  This  folution, 
which,  before  the  lime  was  added,  had  only  a 
faint  odour  of  the  volatile  alkali,  became  now 
very  penetrating. 

T  To 


274  OF  THE  ELASTIC  FLUID  IN 

To  this  folution  four  drachms  of  frefli  lime 
were  added,  the  weight  of  the  volume  of  fluid 
difplaeed,  was  now  found  to  be  reduced  to  nine 
ounces,  one  drachm,  and  fifty  feven  grains,  viz. 
its  fpeeific  gravity  was  to  that  of  diftilled  water 
in  the  proportion  of  1008446  to  100000a. 

Four  drachms  more  of  lime,  reduced  its  weight 
to  nine  ounces  fixty-nine  grains,  confequently  the 
liquour  was  lighter  than  that  of  diftilled  water* 
in  the  proportion  of  997058  to  1  ©00000. 

The  folution  was  then  extremely  penetrating^; 
the  vapours  were  even  fo  fuffbcating  that  it  was 
impoflible  to  proceed  in  the  operation  to  deter- 
mine the  fpeeific  gravity,  without  taking  fome 
precautions  to  avoid  them. 

Four  ^drachms  of  frefli  lime  being  again  added,, 
the  liquor  appeared  to  be  lighter  than  diftilled 
water  in  the  proportion  of  990790  to  1000000. 
,    «  *  This? 

*  The  fuperior  levity  of  the  fluid  volatile  alkali  to  that 
of  water  has  been  already  obferved  by  Mr.  Baume,  rela- 
tively to  that  drawn  from  fal  ammoniac  by  means  of  quick- 
lime.   See  Chymie  experimental  et  raifonnee,  p.  112*. 
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This  is  the  point  at  which  the  volatile  alkali 
is  deprived  of  its  elaftic  fluid  as  much  as  it  can 
be  by  lime ;  for  on  adding  afterwards  four 
drachms  of  lime  to  the  alkaline  folution,  no  far- 
ther diminution  was  produced  in  its  fpecific 
gravity  *. 

This  experiment  evinces,  that  the  greateft 
quantity  of  flaked  litne,  neceffary  to  render  the 
volatile  alkali  as  cauftic  as  it  can  be  made  by 
that  means,  is  two  parts  and  half ;  according  to 
this  proportion,  rather  lefs  than  two  parts  of 
quick-lime  will  be  fufficient  to  produce  the  fame 
effect ;  but  it  is  much  preferable  to  ufe  flaked 
lime  •,  becaufe  the  great  .heat  which  the  liquor  ac- 
quires in  the  extinction  of  the  lime,  would  difti- 
pate  a  portion  of  the  volatile  alkali. 


*  The  total  quantity  of  lime  made  ufe  of  in  this  expe- 
riment was  exactly  three  ounces, 


T:  EXPE. 
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EXPERIMENT    X, 

The  Increase  of  Weight  in  Lime  which 
has  been  combined  with  a  solution  of 
concrete  Volatile  Alkali. 

To  prove,  as  in  Experiment  IV.  that  lime 
attracV  fomething  from  the  volatile  alkali,  the 
folution,  which  had  been  diminifhed  in  its  weight, 
in  the  laft  experiment,  was  decanted,  and  all  the 
lime  which  had  fettled  to  the  bottom  was  care- 
fully feparated.  I  dried  it,  by  keeping  it  ex- 
pofed,  for  a  long  time,  in  a  fand  bath,  to  a  de- 
gree of  heat  rather  greater  than  that  in  which 
mercury  boils, '  and  therefore  capable  of  driving 
off  any  volatile  alkali  which  might  remain  inter- 
pofed  among  its  particles  ;  after  which  having 
weighed  it,  I  found  its  weight  to  be  3  ounces, 
4  drachms,  60  grains,  whereas  it  only  weighed 
exactly  3  ounces  before  the  operation. 

If,  now,  we  calculate5  after  the  proportions 

of 
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of  Experiment  VIII.  we  fhall  find  that  the  two 
ounces  of  concrete  volatile  alkali  employed  in 
Eperiment  IX.  fhould  contain  768  cubic  inches 
of  elaftic  fluid ;  but  thefe  768  inches  of  elaftic 
fluid,  by  palling  into  the  lime,  occafioned  in  it 
an  augmentation  in  weight  of  4  drachms  60 
grains:  each  inch,  then,  of  elaftic  fluid  weighed 
—  of  a  grain ;  which  is  precifely  the  fame  as  the 
weight  of  a  cubic  inch  of  atmofpheric  air. 

It  may  be  here  objected,  that  I  fuppofe,  in 
this  experiment,  that  the  elaftic  .fluid  has  pafied 
from  the  volatile  alkali  into  the  lime,  without 
demonftrating  it.  The  following  experiment 
will  remove  this  objection. 

EXPERIMENT    XL 

To  DEMONSTRATE  IN  THE  LlME  THE  QUAN- 
TITY of  Elastic  Fluid  which  it  has  at- 
tracted from  the  Volatile  Alkali. 

Five  drachms,  45  grains  of  concrete  volatile 

alkali  were  diflolved  in  a  fuificient  quantity  of 

T  3  diftilled 
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diftilled  water ;  I  then  added  half  its  weight,  or 
2  drachms,  58  grains  of  flaked  lime;  I  agitated 
the  liquor,  and  when  I  thought  the  lime  had 
exerted  all  its  force,  the  liquor  which  fwam  a- 
bove  it  was  decanted,  and  I,  feparately,  fubmit- 
ted  both  the  lime  which  was  c^pofited  at  the 
bottom  of  the  veflej,  and  alfo  the  volatile  alkali 
tto  the  fame  apparatus,  figure  lft.  The  fepara- 
tion  of  air  afforded  by  the  lime  was  163  inchesf 
that  furnifhed  by  the  volatile  alkali  was  nearly, 
as  much  as  it  fhould  be  to  make  up  the  270 
cubic  inches  of  ejaftic  fluid  contained  in  five 
drachms,  45  grains  of  volatile  alkali ;  I  fay, 
nearly  as  much,  becaufe  one  circumftance  of  the 
experiment,  which  it  is  infignificant  to  repeat, 
pccafioned  an  uncertainty  of  fome  inches  as  to 
the  product  obtained  from  the  volatile  alkali. 
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EXPERIMENT    3tfl. 

to  restore  to  a  caustic  alkaline  llxi- 
vium  of  Soda,  the  Air  of  which  it  has 
been  deprived  by  llme,  and  at  the  same 
Time  to  restore  it  to  its  original  Spe- 
cific Gravity  and  the  Property  of  ef- 
fervescing with  Acids. 

I  took  the  alkaline  lixivium  of  Experiment 
III.  which  had  been  deprived  of  its  air  by  lime, 
and  placed  it  in  the  apparatus  reprefented  figure 
7th,  and  I  caufed  the  elaftic  fluid  detached  from 
chalk  by  the  vitriolic  acid  to  bubble  into  it. 

When  only  a  fmall  quantity  of  the  cauftic  al- 
kaline lixivium  was  put  into  the  bottle  I.  it  re- 
covered its  effervefcent  property  in  three  or  four 
minutes  •,  a  longer  time  was  necefTary  in  propor- 
tion as  the  bulk  of  the  liquor  was  more  confi- 
deratye  •  but  in  each  cafe  its  fpecific  gravity  was 
fenfibly  augmented,  and  at  the  end  of  the  expe- 
riment it  was  nearly  the  fame  as  before  its  com- 
bination with  the  lime. 

T4  EXPF^ 
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EXPERIMENT    XIII. 

To  RESTORE    TO    THE    CAUSTIC  VOLATILE  Al- 

kali  the  alr  which  had  been  attracted 
from  it  by  llme,  amd  at  the  same  tlme 
all  the  Properties  depending  on  that 
Air. 

The  volatile  alkali  of  Experiment  IX.  of  this 
Chapter,  rendered  cauflic  by  lime,  was  placed 
in  the  bottle  I.  figure  7th.  and  the  elaftic  fluid  dif- 
charged  from  chalk  by  the  vitriolic  acid  was 
made  to  pafs  through  it.  The  liquor  was  gra- 
dually increafed  in  fpecific  gravity ;  its  quick 
and  penetrating  odour  was  rendered  mild ;  and, 
laftly,  it  recovered  the  property,  which  it  had 
loft,  of  efFervefcing  with  acids,  and  of  precipi- 
tating calcareous  earth  diffolved  in  the  nitrous 
acid  *• 


*  This  laft  circumftance  is  conne&ed  with  Experiment 
I,  of  the  following  Chapter. 
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CHAPTER     III. 

Of  the  PRECIPITATION  of  CALCA- 
REOUS EARTH,  dissolved  in  NI- 
TROUS ACID  by  ALKALIS  in  a 
CAUSTIC,    and   in   a  MILD  STATE. 

HAVING  made  a  three-fold  combination 
of  nitrous  acid  and  calcareous  earth,  as 
alfo  the  fixed  and  volatile  alkalis,  with  elaftic 
fluid ;  and  having  fhewn  how  the  laft  pafTes 
from  alkalis  into  calcareous  earth,  and  how  it 
may  be  driven  from  the  latter  by  means  of  acids ; 
I  thought  it  neceffary,  after  the  examples  of 
Meflrs.  Black  and  Jacquin,  to  render  thefe  com- 
binations more  complex,  to  make  them  quadru- 
plicate j  and  I  fhall  now  relate  the  phenomena 
which  thefe  experiments  prefented  to  me. 

I  first  diflblved  one  ounce,   five  drachm^ 
thirty-fix  grains  of  flaked  lime,  in  fix  ounces  of 

nitrous 
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nitrous  acid*.  This  folution  was  again  divided 
into  four  equal  parts,  and  placed  in  as  many  fe- 
parate  vefTels  ;  it  is  evident  that  each  of  thefe 
contained  one  ounce  and  a  half  of  nitrous  acid, 
and  three  drachms,  twenty-feven  grains  of  flaked 
lime.  I  kept  them  to  make  the  four  following 
Experiments. 


EXPERIMENT    L 

The  Precipitation  of  Lime  dissolved   int 
Nitrous  Acid  jbv  Fossile  Alkalis. 

TO  one  of  the  four  portions  of  the  above  fo- 
lution, was  added,  drop  by  drop,  fome  alkali  of 
foda  in  a  liquid  form,  which  was  continued  till 
no  more  precipitation  was  produced ;  there  was 
neither  motion,  nor  effervefcence  in  the  mixture, 
and  the  precipitate  colle&ed  together  in  a  white 
form.  The  liquor  which  was  above  it  was  de^ 
canted,  the  powder  warned  in  feveral  portions  of 
diftilled  water,  and,  having  dried  it  in  the  heat 

of 

*  See  Chapter  I.  Experiment  V, 
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of  boiling  mercury,   it  weighed  four  drachms, 
fixty  grains. 

This  earth  effervefced  briikly  with  acids ;  it 
had  very  little  tafte,  and  did  not  feparate  the 
volatile  alkali  from  fal  ammoniac  without  heat ; 
in  a  word,  it  was  no  longer  in  the  date  of  lime, 
but  in  that  of  calcareous  earth  or  chalk. 

EXPERIMENT    II. 

The  Precipitation  of  Calcareous  Earth 
dissolved  in  nltrous  a.cid  by  caustic 
Fossile  Alkali. 

INTO  the  fecond  portion  of  the  fame  folu- 
tion  I  poured  fome  lixivium  of  alkali  of  foda, 
which  had  been  deprived  of  its  air  by  lime*". 
The  precipitation  was  made  in  the  common  man- 
ner; having  afterwards  wafhed  and  dried  the 
precipitate,  its  weight  was  three  drachms  forty- 
eight  grains.     This  earth  was  a  true  lime;   it 

diflblved 

*  See  Chapter  II.  Experiment;  HI. 
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diffolved  in  water,  in  the  fame  proportion  as 
lime;  the  lime-water  prepared  with  it,  threw  up 
a  cremor  calcis  on  its  furface;  it  made  fcarcely 
any  effervefcence  with  acids;  it  communicated 
caufticity  to  alkalis;  it  decompofed  fal  ammo- 
niac without  heat ;  in  fhort,  no  difference  could 
be  perceived  between  this  and  real  lime  prepar- 
ed by  calcination. 

EXPERIMENT    HI. 

The  Precipitation  of  Calcareous  Earth, 
dissolved  in  Nitrous  Acid,  by  a  Solu- 
tion of  Concrete  Volatile  Alkali. 

THE  precipitation,  in  this  Experiment,  was 
made  with  a  fufficiently  fenfible  efftrvefcent  moti- 
on, and  this  circumftance  furnifhes  alfo  a  new 
confirmation  of  the  theory.  It  has  been  feen,  in 
fa6ir,  Chapter  II.  Experiment  VIII.  and  Chapter  I. 
Experiment  II.  that  the  volatile  alkali  contains 
more  elaftic  fluid  than  calcareous  earth ;  the  lat- 
ter, therefore,  cannot  abforb,  during  its  precipi- 
tation, the  whole  of  what  is  difcharged  from  the 

volatile 
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volatile  alkali  in  its  folution,  and  there  mult  ne- 
ceflarily  be  an  overplus  which  having  recovered 
its  elafticity,  muft  be  diffipated  by  effervefcence. 
The  precipitate  was  of  a  yellowifh  white ;  and 
being  dried  in  the  fame  manner  as  in  the  former 
experiments,  it  weighed  4  drachms,  49  grains. 
This  earth,  like  that  of  Experiment  I.  of  this 
Chapter,  was  in  the  ftate  of  calcareous  earth  ;  it 
was  infoluble  in  water ;  it  effervefced  with  acids3 
and  had  none  of  the  characleriftics  of  lime. 

EXPERIMENT   IV. 

The  precipitation  of  calcareous  Earth, 
dissolved  in  nitrous  acid,  by  caustic  vola- 
TILE Alkali. 

I  attempted  this  precipitation  in  vain,  both 
with  the  volatile  alkali  of  fal  ammoniac  feparated 
by  lime,  and  with  concrete  volatile  alkali  depri- 
ved of  its  elaftic  fluid  by  the  addition  of  lime, 
as  alfo  by  a  volatile  alkali  feparated  from  fal  am- 
moniac by  metallic  fubftances  and  well  freed 
from  elaffic  fluid  ;  in  all  thefe  cafes  the  calcare- 
ous 
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ous  earth  was  not  precipitated ;  I  only  obferved 
that,  fometimes,  the  liquor  loft  fomething  of  its 
tranfparency,  that  a  yellow  matter,  in  time,  col- 
lected, like  very  fine  ruft  of  iron,  which,  when 
dried,  weighed  but  a  few  grains  *. 

It  appears  from  thefe  four  experiments,  ift, 
That  we  may,  at  pleafure,  precipitate  an  alka- 
line earth  from  its  folution  in  nitrous  acid,  either 
in  the  form  of  chalk,  viz.  faturated  with  elaftic 
fluid,  or  in  the  form  of  lime.  It  is  lime,  if  it 
be  precipitated  by  a  cauftic  alkali,  or  an  alkali 
deprived '  of  its  elaftic  fluid :  and  if  precipitated 
by  a  mild  alkali,  it  is  chalk.  2dly,  That  when 
it  has  been  precipitated  under  the  form  of  lime, 
its  weight  is  nearly  the  fame  as  that  of  the  origi- 
nal lime  employed  in  the  feiucion,  whereas,  on 
the  contrary,  when  it  is  precipitated  under  the 
form  of  calcareous  earth  or  chalk,  i.  e.  faturated 
with  elaftic  fluid,  it  is  obtained  with  an  increafe 
of  weight  nearly  equal  to  that  which  lime,  con- 
verted 

*  It  has  been  already  feen,  Chapter  II.  Experiment 
XIII.  that  by  reftoring  the  elaftic  fluid  to  the  cauftic  volatile 
alkali,  the  property  of  precipitating  calcareous  earth  was 
alfo  reftored  to  it. 
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verted  into  chalk,  acquires.  3<%,  That  fome- 
thing  was  however  wanting  to  render  this  aug- 
mentation as  great  as  it  fhould  be ;  for  it  appears 
from  the  experiments  related  at  the  beginning  of 
Chapter  I.  that  3  drachms,  27  grains  of  flaked 
lime,  afterwards  faturated  with  elaftic  fluid, 
ought  to  weigh  4  drachms,  63  grains.  We  had, 
however,  by  the  foftile  alkali,  Experiment  I. 
but  4  drachms,  60  grains,  and  by  the  concrete 
volatile  alkali,  Experiment  III.  only  4  drachms, 
49  grains;  which  farther  confirms,  what  was 
above  advanced,  that  lime,  which  very  power- 
fully attracts  the  firft  portions  of  elaftic  fluid 
which  are  prefented  to  it,  ads  but  weakly  on 
the  laft. 

The  Experiments  related  in  thefe  two  chap- 
ters, give  almoft  the  ftrongeft  proofs  that  can  be 
adduced  in  phyfics,  that  the  fame  elaftic  fluid, 
which  has  been  feen  to  exift  in  chalk,  Chapter  I. 
is  alio  found  in  the  fixed  and  in  the  volatile  alka- 
lis ;  that  it  may  be  driven  off  from  them  by  dif- 
iblving  them  in  acids ;  and  that  the  effervefcence, 
obfervable  at  the  inftant  of  their  combination,  is 
cauled  by  the  feparation  of  this  fluid.     That  the 

fame 
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fame  fluid  has  alfo  more  relation,  more  affinity 
with  lime,  than  with  alkaline  falts  \  and  that  it 
is  for  this  reafon,  that  if  we  mix  lime  with  an 
alkaline  ley,  it  attracts  the  elaftic  fluid  which  the 
alkali  contained,  unites  with  it,  is  converted  into 
calcareous  earth,  and  reduces  the  alkali  to  a 
cauftic  ftate. 

This  might,  perhaps,  be  the  time  to  relate 
the  experiments  which  I  have  made  on  the 
nature  of  elaftic  fluid  feparated  from  alkaline 
falts  and  earths ;  but  other  confiderations  oblige 
me,  firft,  to  inquire  into  the  combination  of  this 
fluid  with  metallic  fubftances. 


CHAP. 
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CHAPTER     IV. 

Of  the  COMBINATION  of  the  ELASTIC 
FLUID  of  CALCAREOUS  EARTH  and 
ALKALIS  with  METALLIC  SUB- 
STANCES by  PRECIPITATION. 

EXPERIMENTS,  fufficieritly  numerous 
lead  jme  to  believe,  that  the  elaftic  fluid^ 
the  fame  whofe  exiftence  I  have  endeavoured  to 
prove  in  calcareous  earth  and  alkalis,  is  capable 
of  uniting,  by  precipitatiop,  with  moft  metallic 
fubftances;  that  it  is5  in  a  great  meafure,  this 
principle  which  forms  the  augmentation  of  weight 
in  metallic  calces,  which  deprives  them  of  their 
brilliancy,  which  reduces  them  to,  the  form  of  a 
calx,  &c,  Though  my  experiments  on  this 
fubjedb  are  very  numerous,  yet  as  it  is  not  to  be 
doubted,  that  the  precipitated  retain  with  them 
fomething,  both  of  their  folvents  and  of  the  fub~ 
U         ,  fiances 
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ftances  which  have  been  ufed  to  precipitate 
them  -3  and  that  to  this  circumftance,  alfo,  fome 
particular  phenomena  are  *  joined,  which  are 
caufed  by  the  decompofition  of  the  acids ;  I 
thought  it  better  to  referve,  for  a  particular  me- 
moir, the  greater  part  of  my  experiments  $  and 
fhall,  therefore,  content  myfelf  with  delivering, 
at  prefent,  thofe  which  are  more  eflentially  con- 
nected with  the  fubject  which  I  am  now  treat- 
ing ;  but  with  this  caution,  however,  to  the 
reader,  that  they  are  related  but  as  fads,  the 
confequences  of  which  are  not  yet  fuificiently 
proved. 


EXPERIMENT     I, 

The  Solution  of  Quick-silver,  in  the  Ni- 
trous Acid, 

EXACTLY  twelve  ounces  of  quick-filver 
were  put  into  a  matrafs,  and  twelve  ounces  of 
fpirit  of  nitre*  poured  on  it;    immediately  a 

*  See  Chapter  I.  Experiment  L 

fpontaneous 
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fpontaneous  effervefcence  enfued  attended  with 
heat.  The  red  vapours  of  the  nitrous  acid  arofe 
from  the  mixture,  and  the  liquor  aflumed  a 
greenifli  colour.  I  did  not  wait  till  the  folutioii 
was  entirely  accomplifhed,  before  I  weighed  it  % 
it  had  loft  one  drachm,  eighteen  grains:  three 
hours  after,  the  mercury  was  nearly  all  diflblv- 
ed;  but- having  again  weighed  the  folution,  1 
was  much  aftonifhed  to  perceive,  that  it  had  in- 
creafed,  inftead  of  being  diminifhed  in  weight, 
and  that  the  lofs,  which  was  one  drachm  eighteen 
grains,  at  firft,  was  now  only  fifty-four  grains. 
The  next  day  the  folution  of  the  mercury  was 
entirely  finimed,  and  the  lofs  of  weight  reduced 
to  eighteen  grains ;  fo  that  in  twelve  hours,  the 
folution,  though  confined  in  a  narrow  necked 
matrafs,  had  acquired  an  augmentation  in  weight 
of  one  drachm.  Not  having  leifure  at  that  time 
to  purfue  this  phenomenon  farther,  I  poftponed 
my  inquiry  to  a  future  opportunity-,  I  added 
fome  diftilled  water  to  my  folution,  to  prevent 
it  from  cryftallizing,  the  total  weight  of  it  was 
then  found  to  be  forty-eight  ounces,  one  drachm, 
eighteen  grains. 

V  2  EXPE- 
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EXPERIMENT    II. 

The    Precipitation    of    Quick-silver    by 
Chalk  and  by  Lime. 

I  WEIGHED  feparately,  in  two  vefTels,  eight 
ounces,  fifteen  grains  of  the  above  folution,  each, 
of  which  portions,  according  to  the  preceding 
experiment,  ought  to  contain  two  ounces  of  ni- 
trous acid,  and  two  ounces  of  quick-filver.  On 
the  other  fide,  I  prepared  fix  drachms,  thirty-fix 
grains  of  chalk,  and  four  drachms,  thirty-fix 
grains  of  flaked  lime.  It  has  been  feen,  Chapter 
I.  Experiments  I.  and  IV*  that  thefe  were  the 
proportions  neceffary  to  faturate  two  ounces  of 
nitrous  acid.  I  put  the  chalk  into  one  of  the 
veilels,  and  the  lime  into  the  other. 

An  effervefcence  attended  the  precipitation  by 
the  chalk,  but  without  any  heat  ;  the  mercury 
precipitated  in  a  light  yellow  powder;  at  the 
fame  time  the  chalk  was  diffolved  in  the  nitrous 
acid. 

The 
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The  precipitation  by  the  lime  was  effected 
without  effervefcence,  but  with  heat;  the  mer- 
cury was  precipitated  in  a  brownifh  powder. 
When  the  precipitates  were  well  fubfided,  I  de- 
canted off  the  liquor  from  them,  and  carefully 
edulcorated  them.  After  which  I  caufed  them 
to  be  dried  in  a  heat  nearly  equal  to  that  in  which 
mercury  boils. 

The  precipitate  by  the  chalk  weighed  two 
ounces,  two  drachms,  forty-five  grains ;  that  by 
the  lime  weighed  two  ounces,  one  drachm,  forty- 
five  grains.  It  was  of  a  deep  grey  earthy  ap- 
pearance. 

EXPERIMENT    III. 

The  Solution  of  Iron  by  the  Nitrous 
Acid. 

SIXTEEN  ounces  of  nitrous  acid,  the  feme 
as  employed  in  the  preceding  Experiments,  were 
placed  in  a  matrafs,  and  fome  iron  filings  gra- 
dually added ;  the  effervefcence  was  brifk,  at- 
tended with  great  heat,  fed  vapours,  and  a  very 
U  3  rapid 
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rapid  difcharge  of  elaftic  fluid  :  the  quantity  of 
iron,  necefiary  to  attain  the  point  of  faturation, 
was  two  ounces  four  drachms ;  after  which  the 
lofs  of  weight  was  found  to  be  four  drachms 
nineteen  grains.  As  the  folution  was  turbid,  I 
added  as  much  diftilled  water  as  made  the  whole 
weight  of  the  folution  to  be  exaftly  fix  pound*. 


EXPERIMENT    IV. 

The  Precipitation  of  Iron,   pissolved  i*« 
Nitres  Acid,  by  Chalk  and  by  Lime. 

I  TOQK  two  portions,  each  weighing  twelve 
ounces  of  the  above  folution,  and  containing  two 
ounces  of  nitrous  acid,  and  two  drachms,  thirty- 
fix  grains  of  iron  filings.  I  placed  them  in  two 
feparate  veffels ;  to  one  were  added  fix  drachms, 
thirty-fix  grains  of  chalk,  and  to  the  other  four 
drachms,  thirty-fix  grains  of  flaked  lime,  being 
the  quantities  necelTary  to  faturate  the  acid. 

The  precipitation  was  effedted  by  the  chalk 
with  effervefcence  and  tumefa&ion  \  {hat  by  the 

limes 
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lime,  without  either  effervefcence  or  heat.  Each 
precipitate  was  a  yellow-brown  ruft  of  iron. 
They  were  waflied  in  feveral  parcels  of  diftilled 
water,  and  then  dried  in  a  fahd  heat  fomething 
fuperior  to  that  ufed  in  the  laft  experiment. 

The  precipitate  by  the  chalk  when  dried,  was 
a  greyifh  ruft  of  iron,  inclining  even  to  white  by- 
veins  ;  it  weighed  6  drachms,  35  grains ;  that 
by  the  lime  was  rather  yellower,  and  weighed 
4  drachms,  69  grains. 

The  refults  of  thefe  experiments  are,  ift, 
That  iron  and  mercury  diffolved  in  the  nitrons 
acid,  acquire  in  general  a  remarkable  increafe 
of  weight,  whether  they  be  precipitated  by  chalk 
or  by  lime.  2dly,  That  this  increafe  is  greater 
in  refpect  to  iron  than  to  mercury,  gdly,  That 
one  reafon  for  thinking  that  the  elaftic  fluid  con- 
tributes to  this  augmentation  is,  that  it  is  con- 
Handy  greater  when  an  earth  is  employed  fatu- 
rated  with  elaftic  fluid,  fuch  as  chalk,  than  when 
an  earth  is  ufed  which  has  been  deprived  of  it, 
as  lime.  4thly,  That  it  is  probable  that  the  in- 
creafe of  weight  which  is  experienced  in  the  pre- 
U  4  cipitation, 


296  ELASTIC  FLUID,  &e. 

cipitation  by  lime,  although  not  fo  great  as  that 
by  chalk,  proceeds,  in  part,  from  a  portion  of 
elaftic  fluid  which  probably  remains  united  to 
the  lime,  and  which  could  not  be  feparated  by 
the  calcination.  Experiment  VI.  Chapter  I. 
confirms  this  opinion;  we  there  actually  fee, 
that  flaked  lime  (till  contains  feme  portion  of 
elaftic  fluid. 

To  thefe  experiments,  which  feem  to  lead  to 
a  belief  that  the  augmentation  of  weight  in  the 
metallic  precipitates  is  partly  due  to  a  portion  of 
elaftic  fluid  which  is  united  to  them,  one  very 
ftrong  argument  may  be  joined-,  which  is,  that 
if,  inftead  of  precipitating  by  an  earth,  the  pre- 
cipitation be  made  by  another  metal,  as  fhewn 
in  columns  2  and  3  of  Geoffroy's  table  of  affi- 
nities, the  duTolved  metal,  inftead  of  being  pre- 
cipitated in  form  of  a  calx,  reappears,  on  the 
contrary,  in  a  metallic  form,  and  is  no  heavier 
than  it  was,  previous  to  its  folution  :  It  is  very 
probable  that  this  circumftance  depends  on  the 
metal  not  finding,  in  its  precipitation,  any  body 
from  which  it  can  attraft  the  elaftic  fluid. 

I  SHALL 
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I  shall  employ  myfelf  more  particularly  on 
this  fubjecl,  at  fome  future  period. 


CHAPTER     V, 

On  the  EXISTENCE  of  ELASTIC  FIXA- 
BLE FLUID,  in  the  METALLIC  CAL- 
CES. 

ALLOWING  that  the  experiments,  related 
in  the  laft  chapter,  may  not  have  com- 
pletely proved  the  poflibility  of  the  union  of  elaftic 
fluid  with  metallic  fubftances,  they  at  lead  af- 
forded fuch  indications  of  it,  as  were  fufficient 
to  engage  me  to  purfue  the  fubject  with  parti- 
cular attention.  I  began,  from  this  time,  to 
fufpecl,  that  the  air  of  the  atmofphere,  or  an 
elaftic  fluid  contained  in  the  air,  was  capable, 
in  a  great  many  circumftances,  of  being  fixed 
and  combined  with  metals ;  that  to  the  addition 
of  this  fubftance,  the  phenomena  of  calcination 

werd 
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were  owing,  as  likewife  the  augmentation  in  weight 
of  the  metals  converted  into  calces,  and,  per- 
haps, feveral  other  phenomena  of  which  philo- 
fophers  have,  as  yet,  given  us  no  fatisfa&ory  ex- 
planation. Thefe  conjectures  alfo  acquired  a 
very  great  degree  of  probability,  in  my  opinion, 
from  the  following  reflections. 

i ft.  The  calcination  of  metals  cannot  take 
place,  in  veffels  clofely  flopped  and  exhaufted 
of  air. 

2dly.  It  is  proportionably  the  more  readily 
performed,  as  a  greater  extent  of  furface  in  'the 
metal  is  expofed  to  the  air. 


3dly.  It  is  a  fad  known  to  all  the  metallur- 
gifts,  and  obferved  by  all  thofe  who  have  been 
converfant  in  the  operations  of  allaying  metals, 
that  in  every  redu&ion,  there  is  an  effervefcence 
at  the  moment  the  metallic  fubftance  paries  from 
the  ftate  of  a  calx  to  that  of  a  metal ;  now,  an 
effervefcence  is  commonly  no  more  than  a  fepa- 
ration  of  elaftic  fluid;  the  calx  therefore  con- 
tains an  elaftic  fluid,  under  a  fixed  form,  which 

recovers 


IN  METALLIC  CALCES.        299 
recovers  its  elafticity,  at  the  inftant  of  reduc- 


tion, 


However  probable  thefe  conje&ures  might 
appear  to  me,  it  was  by  experiment,  alone,  they 
could  be  either  confirmed  or  refuted  ;  I  accord- 
ingly made  a  fucceffion  of  different  trials,  feve- 
ral  of  which  were  not  fuccefsful,  and  the  detail 
of  which  I  think  I  ought  to  fpare  the  reader, 
till  I  finally  attain  die  eftablifhment  of  the  fol- 
lowing fads. 


EXPERIMENT    I. 

The  Reduction  of  Minium  in  an  Appara- 
tus PROPER    TO    MEASURE    THE    QUANTITY 

of  Elastic   Fluid    discharged    or    ab- 
sorbed. 

B.  C.  D.E.  fig.  8th.  reprefents  a  ciftern  or  0- 
ther  vefTel  of  delf  or  glafs,  into  which  is  inverte4 
a  cryftal  receiver  F.  G.  H :  in  the  middle  of  the 
ciftern  at  K.  a  fmall  column  of  cryftal  I.  K,  is 

enedted 
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erected  formed  into  a  cup  at  the  top,  and  which 
is  to  be  fecured  at  the  bottom  with  fome  green 
wax  *.  On  this  column  is  placed  a  cupel  of 
porcelain  or  any  other  very  refractory  matter. 
A  glafs  fyphon  or  bent  tube  M.  N,  fig.  9th.  is 
to  be  paffed  under  the  edges  of  the  receiver,  and 
the  ciftern  B.  C.  D.  E.  is  to  be  filled  with  water. 
The  water  then  is  made  to  rife  to  fuch  a  height 
as  is  judged  necefiary,  in  the  receiver  F.  G.  H. 
by  fucking  the  air  through  the  aperture  N.  of 
the  fyphon  M.N.  and  then,  with  the  funnel, 
with  a  curved  neck,  reprefented  fig.  3d.  a  co- 
vering of  oil  is  introduced  into  the  receiver :  the 
oil  rifes  to  the  furface  and  prevents  the  elaftic 
fluid,  which  is  feparated  in  the  operation,  from 
having  immediate  contaft  with  the  water  or  be- 
ing abforbed  by  it. 

In  the  capfule  A  fig.  8th,  were  placed  two 
drachms  of  minium,  mixed  with  twelve  grains  of 
baker's  fuel,  which  had  been  previoufly  reduced 

*  These  kind  of  columns  may  be  procured  at  moll  of 
the  china  mops ;  they  are  ufed  in  deferts  to  fupport  the 

.fruit. 

to 
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to  powder,  and  calcined  for  feveral  hours,  by  a 
itrong  fire  in  a  clofe  vefTel.  The  height,  to  which 
the  water,  had  been  raifed,  G  H,  was  marked 
with  a  narrow  flip  of  paper,  and  the  apparatus, 
thus  difpofed  was  carried  to  the  focus  of  one  of 
Tchirnaufen's  large  burning  glaffes,  belonging  to 
M.  le  Comte  de  la  Tour  d'  Auvergne :  this  lens 
was  at  that  time  placed  at  the  Louvre,  for  the 
purpofe  of  other  experiments  made  by  MeiTrs. 
Macquer,  BrhTon,  Cadet,  and  myfelf  jointly,  of 
which  one  part  is  already  communicated  to  the 
Academy  of  Sciences. 

Almost  at  the  very  inftant  that  the  cupel  A 
was  prefented  to  the  focus,  the  redu&ion,  was  ac- 
complifhed  and  the  lead  reappeared  in  little  round 
pieces  or  very  fmall  fhot :  at  the  fame  time  a 
yellowifh  vapour  arofe,  which  adhered  to  the 
arch  of  the  receiver,  and  feemed,  to  me,  to  be 
a  calx  of  lead  which  had  been  volatilized  by  the 
violent  heat.  When  I  thought  the  reduction  was 
finifhed,  I  withdrew  the  apparatus  from  the  fo- 
cus, and  placed  it  on  the  fame  ftand,  and  exadtty 
in  the  fame  place  in  which  it  was  before  the  o- 
peration;   and  when  the  veflels  were  perfe&ly 

cooled, 
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cooled,  and  had  recovered  the  temperature  which 
they  had  previous  to  the  reduction,  I  obferved 
the  height  of  the  water,  and  difcoveredj  by  the 
finking  of  the  furface,  that  a  reparation  had  been 
made  of  about  fourteen  cubic  inches  of  elaftic 
fluid. 

• 
The  quantity  of  lead  obtained  by  this  redu£ti* 
on  was  about  TV  of  a  cubic  inch,  whence  it  fol- 
lows that  the  volume  of  elaftic  fluid  feparated* 
Was  equal  to  four  hundred  and  forty  eight  times 
the  volume  of  the  lead  reduced ;  there  were  ftill 
found  at  the  bottom  of  the  cupel  fome  portions 
of  minium  unreduced.  This  experiment  was 
frequently  repeated  and  with  different  proportions  5 
thofe  which  I  have  here  meiibned  conftantly 
fucceeded  beft :  when  too  much  charcoal  was 
ufed,  the  reduction  was  made  with  difficulty  at 
the  bottom  of  the  yeflel;  the  charcoal  on  the 
contrary  was  burned  on  its  furface,  and  there  re- 
fulted  errors  fo  confiderable  as  to  prevent  any 
confidence  in  the  events. 

Though  this  experiment  was  fufficiently  de- 
cifive,  I  ftill  remained  diflatisfied  y  firftj  becaufe 

the 
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the  focus  of  the  burning  glafs  being  very  nar- 
row. I  was  not  able  to  operate  but  on  fmall 
quantities.  Secondly,  becaufe  the  heat  was  fa 
great  in  the  vicinity  of  the  focus,  that  it  was  im- 
poflible  for  me  to  employ  receivers  of  lefs  than 
five  or  fix  inches  in  diameter ;  and  even  thefe 
were  much  heated,  and  fome  of  them  were  bra- 
ken;  from  hence  it  happened  that  the  fmall 
number  of  cubic  inches  feparated  during  the  re*- 
du&ion,  being  divided  in  a  fpace  fo  extended  in 
furface,  the  differences  were  little  perceivable. 
Thirdly,  becaufe  the  volume  of  air,  contained  in 
the  receiver,  being  very  confiderable,  the  leafe 
difference  in  the  temperature  might  occafion  fen- 
fible  errors.  A  nd  fourthly,  becaufe  the  oil  alfo, 
which  covered  '■  furface  of  the  water,  being 
expofed  to  fo  confiderable  a  degree  of  heat, 
might  difcharge  fome  portions  of  elaftic  fluid. 

These  different  confiderations  obliged  me  ta 
have  recourfe  to  an  apparatus  reprefented  in  fig, 
10.  the  firft  idea  of  which  came  from  Dr.  Hales ; 
it  has  been  fince  corre&ed  by  the  late  Mr. 
Rouelle,  and  I  have  alfo  made  fome  occafional 
additions  and  alterations  in  it. 

The 
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The  retort  A.  fig.  10.  is  fitted  at  G.  G.  to  the 
receiver  G.  H.  which  may  be,  according  to  the 
nature  of  the  operation,  either  of  tin,  plated 
iron,  or  glafs  •,  the  receiver  has  an  aperture  at 
h.  which  is  lengthened  in  a  tube  h.  I.  about  2~ 
feet  in  length.  V.  V.  F.  F.  is  a  large  bucket  of 
wood,  or  rather  of  metal,  perforated  at  K.  K.  in 
which  the  receiver  G.  H.  is  placed ;  and  all  the 
parts  are  fecured  with  either  maftick  or  folder, 
according  as  it  may  be  glafs  or  metal.  Laftly, 
the  whole  is  covered  with  a  large  glafs  receiver 
n.  N.  O.  O.  which  mould  be  perforated  With  a 
fmall  hole  at  n.  This  receiver  is  fupported  by  a 
pedeftal,  compofed  of  four  fmall  pillars,  kept  at 
a  convenient  diftance,  by  means  of  metal  bands. 
Thefe  pillars  are  notched  at  the  top,  to  receive 
the  edges  of  the  receiver. 

When  we  ufe  this  apparatus,  the  fubftances 
on  which  we  intend  to  operate  are  placed  in  the 
retort  A.  It  is  luted  clofely  at  G.  G.  to  the  re- 
ceiver G,  H.  with  fat  lute,  of  rather  a  thick  con- 
fidence. This  operation  ought  to  be  conducted 
with  the  greateft  attention,  and  the  lute  muft  by 
no  means  be  omitted3  as  it  is  extremely  eflfcntial, 

that 
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that  not  the  leaft  particle  of  air  fhould  be  intro* 
duced  through  the  junctures.  The  lute  is  to  be 
covered  with  a  moiftened  bladder,  which  is  to  be 
fecured  by  thread  paffed  feveral  times  round* 
pretty  tight.  It  is  not  unufeful  to  remark,  that 
before  the  thread  be  palled  over  the  lute,  it  is 
neceffary  that  the  bladder  be  firft  firmly  tied  both 
above  and  below  the  juncture;  to  prevent -the 
lute  from  fpreading  further  than  is  neceffary,  and 
efcaping  from  the  preffure  of  the  thread. 

When  the  veffels  are  thus  luted,  the  ciflern 
V.  V.  F.  F.  is  to  be  filled  with  water,  which  h 
to  be  pumped  up  into  the  receiver  by  faction  at 
the  hole  n.  and  raifed  to  whatever  height  is  de~ 
fired ;  care  muft  be  taken  to  fill  up  the  ciftern 
in  proportion. 

The  faction  is  not  fo  eafily  performed  as  may- 
be imagined  ;  it  becomes  even  extremely  trouble- 
fome  when  the  height  of  the  water  approaches 
28  or  30  inches.  This  difficulty  appeared  to  me 
fo  important,  that  it  was  neceffary  to  remedy  it ; 
and  I  accomplifhed  it  by  applying  to  this  appa- 
ratus the  little  pump  reprefented  fig.  1.     I  in- 

X  Produced 
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troduced  under  the,  recipient  n.  N.  o.  o.  fig.  10. 
a  tin  fyphon  or  tube  E.  B.  C.  D.  reprefented  fe- 
parately  fig.  u.  Its  extremity  D.  is  proportion- 
ed fo  as  exactly  to  fit  it  into  the  tube  S.  S.  fig, 
10.  which  is  furnifhed  with  a  cock  R.  and  whofe 
other  end  is  adapted  at  S.  X.  to  the  tube  X.  L. 
of  the  pump  P.  When  the  junctures  D.  S.  and 
S.  X.  have  been  exactly  fecured  with  the  fat  lute 
or  green  wax  covered  with  a  hog's  bladder,  moif- 
tened  and  tied  round  with  ftrong  thread,  the 
cock  R.  is  to  be  opened,  the  pifton  Z.  put  in  ac- 
tion, and  the  air,  contained  in  the  receiver  n.  N. 
o.  o.  pumped  out,  and  thus  we  are  able  to  raife 
the  water  conveniently  to  the  neceffary  height. 

The  operations  performed,  with  the  afiiftance 
of  this  apparatus,  were  on  the  calx  of  lead,  the 
reduction  of  which  is  fo  eafy  that  I  did  not  fore- 
fee  that  any  difficulty  would  occur  in  the  execu- 
tion of  it.  I  had  very  much,  however,  to  en- 
counter, from  my  embarrafsment  in  the  choice 
of  retorts-,  thofe  of  glafs  are  fo  liable  to  be  acted 
on  by  the  calxes  of  lead,  that  they  lofe  their 
form,  and  flux  before  the  reduction  be  made. 
Thofe  of  earth  refill  them  better,  but  almoft  all 

of 
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6f  them  have  fmall  imperceptible  holes  through 
which  the  air  penetrates,  fo  that  one  can  fcarce- 
ly  ever  be  eafy  about  the  fuccefs  of  the  experi- 
ments* 

These  difficulties  interrupted  me  for  a  long 

time;  and  it  was  not  till  I  was  able  to  procure 

iron  retorts  that  I  began  to  operate  commodi- 
oufly.     As  the  fame  obftacles  which  have  ob- 

ftrufted  me,  may  alfo  occur  to  thofe  who  would 

repeat  my  operations  5  I  mail  give  fome  defcrip- 

tion  of  the  fabrication  of  the  retorts  which  I 

ufed. 

A  piece  of  the  ftrongeft  iron  plate  that  can 
be  procured  is  to  be  forged  into  the  fhape  of  a 
cap  A,  A.B.  fig.  x2.  to  form  the  bottom  of  the 
retort;  three  parcels  are  afterwards  to  be  made 
from  the  fame  plate  A.  A.  C.  C,  C.  C.  D.  D, 
D.  D.  E.  the  edges  of  which  muft  fit  into  each 
other  very  exa&ly ;  the  lateral  juncture  of  each 
ferrel  is  to  be  carefully  foldered  with  copper, 
and  the  ferrels  are  to  be  united  to  each  other  and 
to  the  cap  A.  A.  B.  with  the  fame  folder.  The 
.only  difficulty  in  this  matter  is  with  the  folder 

X  2  which 
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which  is  referved  for  the  lad,  as  it  muft  be  done 
on  the  outfide,  but  a  dextrous  workman  will 
eafily  accomplifh  it,   and  I  have  not  been  much 
difappointed  in  this  refpe6b.     Thefe  retorts  may 
be  made  fufficiently  red-hot  without  melting  the 
folder;   only  this  precaution  is   rreceflary,   that 
when  we  nfe  metallic  bodies  which  are  capable 
of  attacking  the  copper,  and  of  uniting  with  it3 
we  fill  only  the  lower  part  A.  A.  B.  of  the  retort, 
below  the  folder.     The  fame  retort  may  be  ufed 
frequently,  and  needs  not  be  laid  afide  till  the 
iron  be  burnt  and  reduced  to  fcales.     However 
attentive  the  workman  may  be,  yet  it  is  pofiible 
that  fome  fmall  imperceptible  holes  may  remain 
in  the  folder,  through  which  the  air  may  be  in- 
troduced ;   the  method  of  difcovering  them  is 
to  pour  a  fmall  quantity  of  water  into  the  retort, 
and  to  fhake  it  about  till  the  inner  furface  be 
totally  moiftened,   on  blowing  through  the  aper- 
ture E.  the  hole,  if  there  be  one,  is  announced 
by  a  fmall  bubble  of  water  which  is  perceived 
and  points  out  the  flaw. 

However  tedious  thefe  preliminaries  may  feem? 
they  will  be  eafily  judged  indifpenfibly  neceflary 

for 
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for  underftanding  the  following  experiments  i 
and  I  chofe  to  begin  with  them  that  I  might  lefs 
interrupt  the  attention  of  my  reader. 

EXPERIMENT    II. 

To  reduce  Lead*by  the  Fire  of  Furnaces,, 
in  an  Apparatus   proper  for   measuring 

THE  QUANTITY  OfEl  ASTIC  FLUID  SEPARATED. 

IN  the  iron  retort  A.  fig.  10th.  were  placed 
fix  ounces  of  minium,  and  fix  drachms  of  pow- 
dered charcoal,  paffed  through  a  hair  neve.  Ic 
will  foon  be  feen  that  this  quantity  of  charcoal 
is  much  more  than  fufficient  to  produce  the  re- 
duction ;  but  one  circumftance  makes  this  pro- 
portion necefTary  when  iron  retorts  are  ufed ; 
for,  then,  the  lead,  after  its  reduction,  remains 
jn  fmall  fhot  which  are  mixed  with  the  powdered 
charcoal,  and  are  eafily  taken  out  of  the  retort  ^ 
whereas,  on  the  contrary,  when  only  juft  the 
necefTary  quantity  of  charcoal  is  ufed,  the  lead 
forms  into  a  mafs,  and  if  it  be  melted  again,  in 
X  3  order 
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order  to  get  it  out,  there  is  danger  that  fome 
part  of  it  may  unite  with  the  folder,  or  fome 
little  of  it  may  adhere  to  the  retort,  Thefe  in- 
conveniences are  avoided  by  ufing  an  over  pro- 
portion of  charcoal. 

I  luted  accurately,  in  the  manner  above  re- 
lated, the  retort  A,  to  the  receiver  G.H.  The 
water  was  raifed  to  Y.  Y.  and  a  covering  of  oil 
was  introduced  on  the  furface  of  it.  When  eve- 
ry thing  was  thus  difpofed,  I  left  the  apparatus 
in  the  fame  ftate  till  the  following  day  that  I 
might  be  fure  the  air  ^did  not  penetrate  on  ei- 
ther fide.  I  then  marked  the  length  of  the  wa- 
ter at  Y.  Y.  with  a  flip  of  paper,  and  lighted 
fome  charcoal  in  my  furnace. 

In  proportion  as  the  veffels  were  heated,  the 
air  which  they  contained  was  rarefied,  and  the 
v  water  defcended  accordingly  ;  but  this  effect  had 
.its  limits,  and  after  fome  time,  the  rarefaction 
abated,  and  the  water  continued  a  while  nearly 
flationary.  When  the  fire  came  to  be  fo  much 
raifed  as  to  make  the  bottom  of  the  retort  red- 
hot  5  the  water  began  fuddenly  to  defcend,  al- 

moft 
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moft  vifibly,  at  the  rate  of  14  or  15  cubic  inch- 
es in  the  minute ;  at  length  the  feparation  aba- 
ted, and  when  it  was  entirely  ceafed,  I  put  out 
the  fire  and  fuffered  the  veffels  to  cool  perfectly. 
The  air  contained  in  the  receiver  n.  N.  a.  0.  pre- 
fently  condenfed  as  it  cooled,  and  the  water  rofe 
.again.  When  it  was  quite  fixed,  I  marked,  with 
a  flip  of  paper  the  place  at  which  it  flopped  y 
and  I  left  the  veffels  in  the  fame  flate  for  48 
hours,  without  any  fenfibk  difference  enfu- 
ing  in  the  height  of  the  water ;  the  thermome- 
ter in  the  laboratory  was,  at  this  time,  at  15 
degrees  and  the  barometer  at  28  inches  i~  line. 

Nothing  now  remained  but  to  determine  the 
quantity  of  cubic  inches  contained  between  the 
two  flips  of  paper,  and  this  I  did  in  two  different 
ways.  ift.  By  determining  from  exacl:  meafure 
and  calculation  the  folid  contents  of  the  cylin- 
der. 2dly.  By  filling  the  intermediate  fpace, 
between  the  two  flips  of  paper,  with  water,  and 
then  determining  the  weight  and  volume  of  this 
water.  The  two  methods  afforded  me  exactly 
the  fame  refults,  and  the  quantity  of  elaftic  fluid 
X  4  feperated. 
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feparated,  was  found,  from  both,  to  be  560  cu- 
bic inches.  The  quantity  of  lead  refulting  from 
this  reduction  was  about  J-  of  a  cubic  inch; 
whence  it  follow?,  that  calx  of  lead  contains  a 
quantity  of  elaftic  fluid  747  times  the  bulk  of 
the  metal  which  was  ufed  to  form  it.  When 
the  vefTels  were  unluted,  I  fhook  the  retort,  and 
poured  out  the  lead  ;  it  was  in  grains,  mixed 
with  a  confiderable  quantity  of  powdered  char- 
coal. Having  examined  it  carefully,  I  could 
not  find  any  portion  of  the  minium  unreduced. 
The  weight  of  the  refiduum  was  5  ounces  7 
drachms  66  grains.  The  experiment  was  fre- 
quently repeated,  and  the  circumftances  were 
always  exactly  the  fame. 

The  weight  of  the  ingredients  employed  in  this 
experiment  was,  before  the  reduction,  fix  ounces 
fix  drachms  ^  after  that  procefs  it  was  no  more  than 
live  ounces,  feven  drachms  and  fixty  fix  grains ;  and 
therefore  the  lofs  of  weight  was  fix  drachms  and 
fix  grains:  but  the  quantity  of  elaftic  vapour  fepa- 
rated was  only  five  hundred  and  fixty  cubic  inches, 

and 
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and  an  equal  bulk  of  atmofpheric  air  fhould  only 
have  weighed,  that  day,  three  drachms  and  forty 
one  grains.  It  is  true  that  there  is  every  reafoa 
to  believe  that  the  elaftic  fluid  from  metallic  re- 
ductions, which  is  the  fame  as  that  from  effer- 
vefcence,.  as  I  mail  demonstrate  in  the  fequel, 
is  heavier  than  atmofpheric  air  :  it  has  alfo  been 
feen  (Chapter  I.)  that  its  gravity  may  be  efti- 
mated  at  TVVo-  the  cubic  inch ;  but  even  from 
this  reckoning,  560  cubic  inches  of  elaftic  fluid 
Ihould  only  weigh  four  drachms,  thirty-four 
grains,  and  there  would  (till  be  a  deficiency  in 
weight  of  one  drachm,  forty-four  grains. 

Some  drops  of  phlegm  which  I  conftantly 
found  in  the  receiver  GH,  fig.  10th.  in  all  the 
reductions  of  the  calces  of  lead  which  I  have 
made,  induced  me  to  fufpect,  that,  independanr. 
of  the  elaftic  fixable  fluid,  there  exifted  a  portion 
of  water  in  the  minium ;  that  it  was  feparated 
during  the  redaction,  and  that  this  was  probably 
the  caufe  of  the  lofs  of  weight  which  I  had  ob- 
fervedi  but  as1  the  receiver  GH,  fig.  10th.  was 
too  fmall  to  .condenfe  the  vapours  fufficiently,  it 

was 
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was  thought  proper  to  repeat  the  experiment 
with  a  common  apparatus  for  diftillation,  em- 
ploying a  larger  receiver. 

EXPERIMENT    IIL 

to  determine  the  quantity  of  water 
which  is  separated  in  the  reduction 
of  Minium  by  powdered  Charcoal. 

THE  fame  quantities  of  minium  and  charcoal 
were  ufed  in  this  experiment  as  in  the  laft :  the 
receiver  had  a  fmall  hole  drilled  into  it,  which 
I  was  obliged  to  leave  open  during  the  operation, 
The  elaftic  fluid  was  feparated  with  a  hiffing 
noife,  and  at  the  beginning  of  the  redudtior 
fome  little  water  paffed  into  the  receiver.  The 
weight  of  this  water  did  not  exceed  twenty-four 
grains ;  it  was  an  infipid  phlegm,  not  feeming 
to  differ  from  diftilled  water. 

Though  the  refult  of  this  experiment  onlj 
yielded   twenty-four    grains    of  phlegm,    it   u 

howevej 
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however  probable  that  more  was  discharged,  and 
that  one  part  of  it  was  carried  off  by  the  current 
of  elaftic  fluid,  and  diffipated  in  vapours  through 
the  perforation  in  the  receiver.  Again  it  is  pro- 
bable that  the  elaftic  fluid  difengaged  from  mi- 
nium may  be  fomething  heavier  than  that  from 
effervefcence,  and  it  is  very  probable  that  to  one 
of  thefe  two  caufes  we  may  attribute  the  defi- 
ciency in  weight  remarked  in  Experiment  II. 

I  proposed,  in  order  to  clear  up  this  point, 
immediately  to  determine  the  relative  gravity  of 
the  different  elaftic  fluids  difcharged  from  dif- 
ferent fubftances,  and  to  compare  them  with  the 
air  of  the  atmofphere  :  but  the  different  appara- 
tuffes,  neceflfary  to  complete  this  object,  not 
having  been  procured  in  time,  I  thought  it 
would  not  be  right  to  defer,  on  that  account, 
the  publication  of  this  work;  befides,  I  fhali 
have  occafion,  more  than  once,  to  recur  to  this 
point. 

The  quantity  of  powdered  charcoal,  employ- 
ed in  Experiment  II.  was  fix  drachms  •,  the 
quantity  of  elaftic  fluid  obtained  in  the  reduction 

did 


3i6      ELASTIC  FIX  ABLE  FLUID 

did  not.  exceed  four  drachms,  or  four  and  a  half 
at  the  mod.  The  weight  of  the  elaftic  fluid  fe- 
parated  was  then  much  lefs  than  that  of  the 
charcoal  employed ;  and  it  may  be  objefted  that 
the  quantity  of  elaftic  fluid,  which  was  difcharg- 
ed,  might  as  well  come  from  the  charcoal  as 
from  the  metallic  calx.  To  obviate  this  objec- 
tion, I  made  the  following  experiment. 

EXPERIMENT    IV, 

to  separate  from  the  lead  the  portion 
of  Charcoal  which  remains  after  the 
Reduction. 

THE  refiduum  of  Experiment  II.  was  placed 
in  an  iron  ladle  ^  we  may  recoiled  that  it  was 
compofed  of  granulated  lead  and  powdered 
charcoal,  and  its  weight  was  five  ounces,  feven 
drachms,  fixty-fix  grains.  As  foon  as  the  char- 
coal powder  began  to  heat,  it  lighted  and  gra- 
dually confnmed,  after  which  there  only  remain- 
ed a  lump  of  lead,  and  a  little  calx  of  tTie  fame 
metal  which  had  formed  anew  during  the  burn- 
ing 
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ing  of  the  charcoal.  The  whole  of  the  lead  to- 
gether weighed  nearly  five  ounces,  three  drachms, 
twelve  grains  ^  I  fay  nearly,  becaufe  if  the  ope- 
ration be  not  quite  finifhed,  a  fmall  portion  of 
charcoal  remains  unburned  \  on  the  other  hand 
again,  if  it  be  carried  too  far,  one  part  of  the 
lead  is  recalcined  and  augments  the  weight. 
This  circumftanee  occafions  an  uncertainty  in 
the  refult  of  about  twelve  grains ;  and  it  is  by 
repeating  the  experiment  feveral  times,  and  ad- 
hering to  the  lefTer  weight,  that  I  have  fixed  k 
fuch  as  it  is  here. 

It  appears  from  this  experiment,  i(r,  That 
the  relative  weight  of  lead  to  that  of  minium  is 
five  ounces,  three  drachms,  twelve  grains,  to 
fix  ounces,  viz.  that  with  100  pounds  of  lead, 
in  pounds  10  ounces  of  minium  may  be  made, 
or,  whichis  ftill  the  fame  thing,  that  100  pounds 
of  minium  contain  89  pounds  9  ounces  of  lead. 
2dly,  That  the  5  ounces  7  drachms  66  grains, 
remaining  in  the  retort,  Experiment  II.  after  the 
reduction,  was  compofed  of  5  ounces  3  drachms 
12  grains  of  lead,  and  of  4  drachms  54  grains 
of  charcoal.     So  that  only    1  drachm   18  grains 

of 
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of  charcoal,  had  been  actually  employed  in  the 
reduction  :  but  the  quantity  of  elaftic  fluid  dif- 
charged  in  Experiment  II.  placing  it  at  the 
loweffi,  weighed  at  leaft  3-  drachms;  it  could 
not  therefore  be  fupplied  by  1^  drachm  of  char- 
coal, and  confequently  it  muft  neceflarily  be  at 
the  expence  of  the  minium,  that  the  greater  part 
of  the  elaftic  fluid  was  furnifhed. 

Notwithstanding  the  conclufivenefs  of  this 
experiment,  I  was  not  yet  fatisfied,  and  I  thought 
it  requifite  to  attend  particularly  to  the  examin- 
ation whether  charcoal  alone  would  not  yield, 
in  the  fame  degree  of  heat,  an  elaftic  fluid  fimilar 
to  that  which  I  had  obtained  in  the  reduction  of 
minium.  This  is  the  object  of  the  following 
fxperime-nt. 


EXPE- 
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EXPERIMENT     V. 

to  calcine  powdered  charcoal  alone,  in 
a  strong  Fire,  and  in  an  Apparatus 
proper  for  measuring  the  quantity  of 
Elastic  Fluid  separated  from  it. 

I  CAUSED  a  new  gun-barrel,  well  cleaned 
within,  to  be  bent,  and  the  touch  hole  and 
breech  flopped,  and  each  covered  with  a  piece 
of  iron,  foldered  hot  to  it,  that  I  might  be  cer- 
tain that  the  external  air  had  no  admifTion  into 
it.  Two  drachms  of  the  fame  bake-houfe  fuel 
powdered  (Experiments  I.  and  II.)  were  then 
introduced,  and  it  was  adapted  to  the  apparatus 
of  fig.  10th.  in  which,  on  this  occafion,  I  was 
obliged  to  make  fome  trifling  changes,  which  it- 
is  unneceffary  to  relate  :  I  then  luted  all  the 
junctures,  very  exactly,  in  the  ufual  manner  -9 
the  water  in  the  receiver  /zNOO  was  raifed  and 
covered  with  a  thin  bed  of  oil ;  and  when  I  was 
certain  that  the  air  could  not  penetrate  either 
way,  I  marked  the  height  of  the  water  y  y.     I 

then 
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then  made  a  brifk  fire  round  the  gun-barrel,  and 
kept  it  for  an  hour  in  a  white  heat. 

The  air  was  rarefied  at  firft  as  ufual,  and  the 
furfaceofthe  water  funk  proportionably ;  but 
after  the  fire  was  extinguifhed  it  reafcended  by 
degrees,  and  when  the  gun-barrel  was  quite 
cold,  it  returned  nearly  to  the  point  from  which 
it  began  to  move.  The  product  of  air  was  only 
thirteen  cubic  inches,  which  in  two  days  was  re- 
duced to  eight  inches.  The  powdered  charcoal 
being  weighed,  at  the  conclufion  of  this  experi- 
ment, had  loft  but  fix  grains,  and  it  is  even 
probable,  that  fome  of  it  ftill  adhered  to  the 
gun-barrel. 

The  fire,  in  this  procefs,  was  infinitely  ftrong- 
er,  and  continued  for  a  much  longer  time  than 
is  neceffary  for  the  reduction  of  the  calx  of  lead, 
yet  the  product  of  air  was  very  fmall ;  and  there- 
fore the  air  obtained  in  Experiments  I.  and  II. 
was  not  merely  the- effect  of  the  calcination  of 
the  charcoal,  but,  on  the  contrary,  was  produced 
by  the  reduction. 

I  HAVE 
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I  have  before  obferved,  that  I  had  made  ufe 
of  a  new  gun-barrel  which  had  been  well  cleaned 
on  the  infide,  in  this  experiment,  and  this  cir- 
cumftance  is  worthy  of  remark,  for  the  pheno- 
mena are  very  difFereat,  when  a  gun-barrel  is 
employed  which  is  rufty  within.  In  that  cafe  we 
procure  a  little  water,  and  a  greater  production 
of  elaftic  fluid  in  proportion  to  the  ruftinefs  of 
the  barrel ;  but  it  is  evident  from  the  lad  expe- 
riment, that  thefe  products  belong  to  the  calx  of 
the  iron  which  is  reduced,  not  to  the  charcoal. 
It  has  fometimes  happened  that  I  have  obtained 
from  80  to  100  cubic  inches  of  elaftic  fluid  with 
a  very  rufty  gun- barrel,  the  firft  time  it  has  been 
ufed,  I  here  only  mention  this  experiment,  re- 
ferving  the  different  accounts  relative  to  it  to  a 
future  opportunity. 

It  might  perhaps  be  fufpected,  that  the  gun- 
barrel  which  I  employed  in  Experiment  V. 
though  new  and  well  cleaned,  plight  yet  contain 
fome  ruft,  and  that  the  feparation  of  the  eight 
inches  of  elaftic  fluid,  which  I  obferved,  mighc 
be  owing  to  this  circumftance  ;  but  I  was  con- 
vinced to  the  contrary,  by  repeating  this  experi- 
Y  nient 
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ment  with  the  fame  barrel  and  frefli  charcoal. 
It  is  plain,  that  if  the  elaftic  fluid  had  been  pro- 
duced, in  the  former  experiment,  by  the  reduc- 
tion of  the  iron  of  the  barrel,  that  feparation 
could  not  take  place  in  the  latter.  However, 
the  quantity  of  elaftic  fluid,  this  lair,  time,  proved 
to  be  twelve  inches  at  lead,  which  was  fome- 
thing  greater  than  at  fTrfb ;  from  whence  it  feems 
demonflrated  that  the  feparation  is  to  be  placed 
to  the  account  of  the  charcoal. 

The  diminution  of  weight,  in  this  experiment, 
'    was  eight  grains. 

EXPERIMENT    VI. 

The   Reduction   of   Minium   in    a 

Gun -Barrel, 

FOUR  ounces  of  minium  were  mixed  with 
the  fame  charcoal  which  was  fo  ftrongly  calcined 
in  the  preceding  experiment,  and  the  whole  put 
into  the  fame  gun-barrel  which  had  been  ufed  in 
the  two  former  calcinations.  It  was  then  adapted 

to 
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to  the  apparatus,  fig.  10th.  and  all  was  difpofed 
in  the  fame  manner  as  in  Experiment  V.  after 
which  the  fire  was  kindled. 

When  the  gun-barrel   began  to  be  obfcurely 
red,  \the  difcharge  of  elaflic  fluid  was  fo  very 
rapid,  that  the  water  defcended,  perceptibly,  in 
the  receiver  tzNOO.  fig.  10th.     The  difcharge 
being  finifhed,   I  continued  to  raife  the  fire,   but 
the  water  did  not  fall  fenfibly  lower.    When  the 
veffels  were  grown  cold,  I  meafured  the  quantity 
of  elaftic  fluid  which  was  feparated,  and  found 
it  to  be  360  inches,  or  in  the  proportion  of  90 
inches  for  each  ounce  of  minium.     It  has  been 
feen  above,  Experiment  III.   that  fix  ounces  of 
minium  had  yielded  a  difcharge  of  elaftic  fluid 
of  560  cubic   inches,  which  is  fomething  more 
than  93  inches  for  each  ounce  ;  from  whence  it 
is  evident  that  the  refults  of  thefe  two  experi- 
ments agree  almoft  perfectly.     As  in  the  opera- 
tion of  which  I  have  here  given  an  account, 
the  charcoal  was  ftrongly  calcined  a  fecond  time, 
before  it  was  mixed  with  the  minium,  the  refults 
of  this  experiment  mould  feem  to  deferve  more 
reliance  than  thofe  of  Experiment  III. 

Y2  It 
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It  appears  to  be  proved  from  thefe  experi- 
ments, that  it  is  by  no  means  the  charcoal  alone 
that  produces  the  difcharge  of  elaftie  fluid,  ob- 
ferved  in  Experiments  L  and  II.  neither  is  it  the 
minium  alone,  fince  after  Dr.  Hales's  experi- 
ments (fee  page  25)  it  affords  but  a  very  fmall 
portion  of  air ;  the  greater  part  of  elaftie  fluid 
which  is  detached,  arifes  from  the  union  of  the 
powdered  charcoal  with  the  minium.  This  laft 
obferyation  leads  us  infenfibly  to  very  important 
obfervations  on  the  ufe  of  charcoal,  and  fuch 
kind  of  fubftances  in  general,  in  the  reduction 
of  metals.  Do  they  ferve,.  as  the  difciples  of 
Mr.  Stalh  think,  to  reftore  to  the  metal  the 
phlogifton  which  it  has  loft  ?  Or  rather  do  thefe 
fubftances  enter  into  the  compofition  of  the 
elaftie  fluid  ?  This  is  a  point  which,  in  my 
opinion,  the  prefent  ftate  of  our  knowledge  does 
not  permit  us  to  decide. 

If  it  were  permitted  me  to  indulge  in  conjec- 
tures, I  mould  fay,  that  fome  experiments^ 
which  are  not  fufficiently  complete  to  fubmit  to 
public  infpection,  induce  me  to  believe,  that 
every  elaftie  fluid  refults  from  the  combination 

of 
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of  fome  folid  or  fluid  body  with  the  inflammable 
principle,  or  perhaps  even  with  the  matter  of 
pure  fire,  and  that  on  this  combination  the  date 
of  elafticity  depends.  I  lhould  add  that  the 
fubftance  fixed  in  metallic  calces,  and  which 
augments  their  weight,  would  not  be,  properly 
fpeaking,  on  this  hypothefis,  an  elaftic  fluid, 
but  the  fixed  part  of  an  elaftic  fluid,  which  has 
been  deprived  of  its  inflammable  principle.  The 
principal  action  of  charcoal,  and  all  other  fub- 
ftances  of  that  nature  employed  in  reductions, 
would  then  be,  to  reftore  the  phlogifton,  or 
matter  of  fire,  to  the  fixed  elaftic  fluid,  and 
with  it  the  elafticity  which  depends  on  it. 

However  different  this  opinion  may  feem  to 
be  from  that  of  M.  Stalh,  it  yet  perhaps  is  not 
incompatible  with  it.  It  is  poflible  that  the  ad- 
dition of  charcoal  in  the  reduction  of  metals  may 
anfwer  two  purpofes  at  once;  ift,  That  of  re- 
ftoring  to  the  metal  the  inflammable  principle 
which  it  has  loft  :  2dly,  That  of  reftoring  to  the 
fixable  elaftic  fluid  in  the  metallic  calx,  the  prin- 
ciple which  conftitutes  its  elafticity.  But  I  re- 
peat it  again  that  it  is  with  great  caution,  that 
Y  3  an 


326  ELASTIC  FLUID  combined  with 

an  opinion  on  fo  delicate,  fo  difficult  a  fubject 
fhould  be  hazarded;  a  fubject  which  is  very 
nearly  connected  with  one  (till  more  obfcure, 
I  mean  the  nature  of  the  elements  themfclves, 
or  at  leafl:  of  what  we  regard  as  elements.  Time 
and  experiment  alone  can  fettle  our  opinions  on 
thefe  points. 


CHAPTER     VI. 


Of  the  COMBINATION  of  ELASTIC 
FLUID  with  METALLIC  SUBSTAN- 
CES   by  CALCINATION. 

I  HAVE  hitherto  proved  the  exiftence  of  an 
elaftic  fixable  fluid  in  the  metallic  calces,  only 
by  the  feparation  which  takes  place  in  the  moment 
of  reduction.  Though  the  experiments  I  have  rela- 
ted might  appear,  in  this  refpect:,  offuch  a  nature 
as  not  to  leave  any  doubt j  it  muft   neverthe- 

lefi 
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lefs  be  confefled  •,  that  conviction  in  phyfics  is 
only  produced  in  as  much  as  we  arrive  at  the  fame 
point  by  different  roads. 

I  therefore  intend  to  fliew  in  the  courfe  of 
this  chapter,  that  as  whenever  a  metallic  calx 
pafles  from  that  (late  to  that  of  a  metal  there  is 
a  difcharge  of  elaftic  fluid,  fo  alfo  whenever  a 
metal  paffes  from  its  metallic  ftate  to  that  of  a 
calx  there  is  an  abforption  of  the  fame  fluid, 
and  that  the  calcination  is  nearly  proportionable 
to  this  abforption. 

EXPERIMENT     I. 


The  calcination  of  Lead,  by  a  burning 
Glass,  under  a  Glass  Receiver  invert* 
ed  in  Water. 

THREE  drachms  of  fheet  lead  were  placed 
in  the  apparatus  reprefented  fig.  8th.  andexpofed 
to  the  focus  of  one  of  Tchirnaufen's  large  burn- 
ing  glaffes  of  33  inches  diameter,  the  fame  as 

Y  4  was 
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was  mentioned  above.  The  focus  of  this  lens 
was  contracted  and  made  fhorter  by  means  of  a 
fecond  which  had  been  added  at  a  fuitable  difc 
tance.  A  piece  of  hard  ftone,  fuch  as  is  ufed 
to  pave  the  ftreets  of  Paris,  ferved  to  fupport 
the  lead  ;  it  was  hollowed  in  the  middle  to  pre- 
vent the  metal  from  flipping  off  before  it  was 
fufed. 

The  lead  flowed  at  the  inftant  it  was  prefented 
to  the  focus  •,  foon  after,  a  whitifh  vapour  be- 
gan to  rife  which  collected  on  the  fides  of  the 
receiver,  and  formed  a  yellowifb  fediment.  Ac 
the  fame  time  there  was  formed  on  the  furface 
of  the  lead  a  thin  ftratum  of  calx,  which  as  the 
calcination  proceeded,  became  of  a  yellow  maf- 
iicot  colour.  Thefe  different  effe&s  were  pro- 
duced during  the  firft  five  minutes;  after  which, 
having  continued  to  keep  the  lead  exactly  in  the 
focus,  I  beheld  with  furprife,  that  the  calcinati- 
on did  not  proceed.  I  perfifted  in  the  purfuit 
of  this  experiment  for  half  an  hour,  v/ithout  per- 
ceiving that  the  ftratum  of  calx:  which  had  form- 
ed on  the  lead,  was  in  the  lead  increafed.  It 
pay  be  imagined,  that  the  air  contained  in  the 

receiver 
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receiver  mud  be  much  heated*  and  that  from 
its  rarefaction  it  mud  have  lowered  the  furface 
of  the  water  G,  H.  but  in  proportion  as  the 
vefTels  cooled,  it  re-afcended,  and  when  the  whole 
apparatus  was  returned  to  the  fame  degree  of 
temperature  as  before  the  operation,  a  diminu- 
tion of  about  feven  cubic  inches  was  perceived  in 
the  volume  of  the  air. 

The  lead,  having  been  withdrawn,  was  found 
as  malleable  as  before  the  operation,  except  the 
little  Goat  of  calx  adhering  to  it,  which  was  ex- 
ceedingly fmall.  It  had  loft  nearly  half  a  grain  of 
its  weight,  but  it  was  evident  from  infpecling 
the  yellow  flowers  which  lined  the  dome  of  the 
receiver,  that  this  diminution  proceeded  from 
the  evaporation,  and  that,  by  adding  their  weight 
to  that  of  the  lead,  there  had  been  an  augmen- 
tation of  feveral  grainy 


EXPE, 
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EXPERIMENT    II. 

The  Calcination  ofr  Tin. 

TWO  drachms  of  tin  were  expofed  to  the  fo- 
cus of  the  fame  lens  and  under  the  fame  appa- 
ratus. The  calcination  was  ftill  more  difficult 
than  that  of  lead  ^  the  metal  was  covered  with 
a  fmall  but  exceedingly  thin  coat  of  calx ;  and 
it  fumed  a  little.  The  operation  was  continued 
for  twenty  minutes,  and  yet  I  did  not  perceive 
that  the  calcination  had  made  any  progrefs* 
When  the  veffels  had  recovered  the  temperature 
at  which  they  were  before  the  experiment,  only  a 
very  fmall  diminution  was  found  in  the  volume 
of  air.  The  tin  having  been  weighed  again,  was, 
augmented  about  the  eighth  of  a  grain ;  it  alfo 
continued  as  malleable  as  before  the  operation^ 
and  had  but  an  extremely  thin  covering  of  ca& 
on  its  furface. 


EXPE- 


METALLIC  SUBSTANCES.      3ji 

EXPERIMENT    III. 

The  Calcination  of  a  mixture  of  Lead 
and  Tin. 

I  WAS  inclined  to  try  whether  the  calcination 
of  a  mixture  of  tin  and  lead  would  not  be  more 
eafily  performed ;  and  therefore  compofed  an 
alloy  of  equal  parts  of  lead  and  tin,  and  expofed 
two  drachms  of  it  to  the  focus  of  the  burning 
glafsj  the  receiver  was,  at  mod,  but  half  as 
large  as  that  of  the  firft  experiment  of  this  chap- 
ter, and  was  only  $L  inches  in  diameter. 

The  mixture  fufed  immediately  ->  many  white 
fumes  arofe,  part  of  which  adhered  to  the  top 
of  the  receiver,  and  part  were  depofited  on  the 
furface  of  the  oil.  The  operation  was  continu- 
ed for  20  minutes  %  after  which  the  calcination, 
appeared  much  more  advanced  than  in  the  for- 
mer experiments,  and  there  were  appearances 
like  vegetation  on  the  furface.  The  vefTels  be- 
ing cooled,  a  diminution  was  found  in  the  bulk 

of 
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of  the  air,  from  5  to  6  cubic  inches.  The  re- 
ceiver contained  a  great  quantity  of  flowers,  and 
the  button  of  tin  and  lead  was  diminiftied  4  grains, 
which  lofs  feemed  to  be  recovered  with  increafe  in 
the  portion  which  was  fublimed.  Though  the 
calcination  was  rather  farther  advanced  in  this 
than  in  the  preceding  experiments,  yet  the  great- 
er part  of  the  mixture  was  (till  malleable,  and 
in  its  metallic  ftate. 

The  preceding  experiments,  though  they  con- 
firm thofe  of  Chapter  V.  left  me,  notwithftand- 
ing,  yet  diflatisfied  ;  ift,  Becaufe  the  furface 
of  the  oil,  confined  in  the  receiver,  being  expo- 
fed  to  fo  confiderable  a  degree  of  heat,  might  pofll- 
bly  produce  air  during  the  calcination,  or  elfe  might 
abforb  it :  2dly,  Becaufe  the  heat  of  the  focus 
being  too  violent,  it  volatilized  the  lead  and  the 
tin,  in  proportion  as  they  were  calcined,  in  fo 
much  that  I  could  not  obtain  any  certain  refult 
of  the  increafe  of  weight  in  thefe  metals.  I  endea- 
voured to  remedy  both  thefe  inconveniences  in 
the  following  experiment. 


EXPE. 
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EXPERIMENT  IV. 

The  Calcination  of  Lead  under  a  , Glass 
Vessel  inverted  in  Quick-silver, 

I  MADE  ufe  of  an  apparatus  nearly  fimilar  to 
that  feprefented  by  fig.  8th.  it  differed  however 
from  it;  ill,  in  having,  inftead  of  the  bucket 
or  ciftern  B  D.  C  E.  a  ftrong  earthen  glazed 
pan  :  2dly.  In  that,  inftead  of  filling  it  with 
water,  I  poured  into  it  80  pounds  of  quick-fil- 
ver :  and,  3dly,  That  inftead  of  the  receiver 
F.  G,  H.  I  fubftituted  a  glafs  cucurbit  with  aflat 
bottom.  The  object  of  this  laft  alteration  was  to 
have  a  vefTel  of  the  fame  capacity  as  the  receiver, 
but  whofe  aperture  mould  be  narrower,  that  lefs 
mercury  might  be  ufed.  Thefe  difpofitions  being 
made,  I  placed  on  the  column  I.  K.  a  ftone  crucible 
containing  3  drachms  of  lead  :  the  crucible  was 
above  an  inch  in  diameter,  and  about  four  lines 
in  depth.:  it  was  flat  at  the  bottom,  that  the 
metal  might  prefent  a  larger  furface  to  the  fun's 
rays.     I  afterwards  covered  the  whole  with  the 

glafs 
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glafs  cucurbit  which  ferved  me  inftead  of  a  re- 
ceiver; the  mercury  was  raifed  by  the  fyphon, 
L.  M.  as  high  as  G.  H.  and  the  point  parallel 
to  its  furface  was  carefully  marked  with  a  flip 
of  paper  which  went  almoft  round  the  veiTel  \ 
and  laftly,  I  prefented  the  whole  apparatus  to 
the  great  burning  lens,  obferving  that  the  lead 
was  a  full  inch  from  the  true  focus,  and  that  the 
heat  was  not  much  greater  than  that  necefiary 
to  melt  it. 

At  the  very  inftant  that  the  lead  melted, 
though  it  was  taken  out  of  the  centre  of  a  large 
piece,  though  it  was  bright  on  every  fide,  and 
had  not  the  lead  appearance  of  foulnefs,  a  pelli- 
cle immediately  formed  on  its  furface.  In  the 
progrefs  of  the  calcination  this  pellicle  became 
of  a  yellow  mafiicot  colour,  and  wrinkled  on 
the  fide  towards  the  meridian ;  after  which,  at 
the  end  of  ten  or  twelve  minutes,  the  calcination 
Hopped,  and  no  farther  efFecl:  was  obferve3; 
only  it  happened  that  at  thofe  inftants  when  the 
heat  was  a  little  ftronger,  the  yellow  pellicle 
fufed  in  fome  places,  and  formed  a  yellowifh 
glafs  \   from  the  portions,  thus  vitrefied,  fumes 

arofe 
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arofe  plentifully,  which  tarnifhed  the  top  of  the 
cucurbit.  I  oppofed,  as  much  as  poffible,  the 
evaporation,  by  removing  the  lead  farther  and 
farther  from  the  true  focus  of  the  lens. 

The  lead  was  thus  expofed  to  the  action  of 
the  large  burning  glafs  for  one  hour,  forty-five 
minutes;  but  as,  during  this  period,  the  fun 
was,  at  times,  obfcured  by  fmall  clouds,  we 
cannot  reckon  on  more  than  an  hour  and  fifteen 
minutes  of  real  effect. 

The  operation  being  finifhed  and  the  veffels 
perfectly  cooled,  the  furface  of  the  mercury  was 
found  to  have  afcended  two  lines  and  half  above 
its  former  level.  The  diameter  of  the  cucurbit 
was,  in  this  place,  4^  inches,  which  makes 
the  quantity  of  air  abforbed  to  be  3  1  cubic 
inches.  The  lead  having  been  carefully  fepa- 
Fated  from  the  crucible,  weighed  3  drachms 
i£  grain  :  I  eftimated  the  yellowiih  vapours  ad- 
hering to  the  fides  of  the  cucurbit  at  about  §  of 
a  grain  ;  the  total  increafe  of  weight  in  the  cal- 
cination had  been,  then,  2~  grains,  viz.  ~  of  a 
grain  for  each  inch  of  air.     It  refults,  therefore, 

that 
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that  the  quantity  abforbed  is  exa&ly  proportion- 
ate to  the  augmentation  in  weight  of  the  metallic 
calx. 


The  void  fpace  of  the  cucurbit,  or,  in  other 
words,  the  volume  of  air  in  which  the  calcination 
was  made,  was  75  cubic  inches ;  fo  that  the  ab- 
forption  was  precifely  a  twentieth. 

EXPERIMENT    V. 

The  Effect  of  Air  in  which  Lead  has 
been  calcined,  on  burning  bodies. 

I  CALCINED,  as  in  the  laft  experiment, 
and  in  the  fame  apparatus,  three  drachms  of 
lead.  The  operation  being  finifhed,  turning 
the  cucurbit  FGH.  fig.  8th.  brifkly,  I  placed 
it  with  its  mouth  uppermoft,  and  immediately 
introduced  a  wax  candle.  It  burnt  tolerably- 
well  juft  at  firft,  but  it  began  infenfibly  to  lan- 
guifh,  and  it  was  extinguifhed  in  about  a  mi- 
nute. 

EXPE- 
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EXPERIMENT    VI. 

The  Effect  of  Air,  in  which  Metals  hav$ 

£EEN  CALCINED,    ON  LlME-WATERf 

THE  procefs  was  conducted  in  the  fame 
manner  in  this  as  in  the  preceding  experiment, 
with  this  difference  only,  that  inftead  of  intro- 
ducing a  candle  into  the  cucurbit,  I  poured 
fome  lime-water  into  it.  Its  mouth  was  then 
flopped,  and  I  fhook  it  ftrongly.  The  lime-wa- 
ter acquired  a  flight,  but  fcarcely  perceptible 
turbid  appearance,  and  no  precipitation  en- 
fued. 

It  is  evident  from  thefe  two  experiments,  that 
air  in  which  metals  have  been  calcined,  is  not, 
by  any  means,  in  the  fame  ftate  as  that  fepara- 
ted  by  effervefcence,  and  by  metallic  reduc- 
tions. 


EXPE 
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EXPERIMENT    VII. 

The    Calcination   of  Iron   by  Means  op 
Moisture. 

FOUR  ounces  of  iron  filings.,  were  put  into 
a  glafs  verTel,  and  moiftened  with  a  little  diftil- 
led  water,  and  the  whole  covered  with  a  glafs 
receiver,  the  vacant  fpace  of  which  was  about 
200  cubic  inches.  No  fenfible  effe6t  was  pro- 
duced for  fome  days  -}  the  fineft  particles  of  the 
iron  fwam  upon  the  furface  of  the  water  with- 
out being  reduced  to  ruft,  the  remainder  was  at 
the  bottom.  At  the  end  of  eight  days,  a  fmall 
quantity  of  ruft  was  formed,  and  the  volume  of 
air  was  diminifhed  fix  or  eight  inches,  in  fifteen 
days  fifteen  inches,  in  a  month  thirty-fix  inches, 
and  laftly,  in  two  months  the  diminution  amount- 
ed to  about  fifty  inches  j  at  this  period  the  ab- 
forption  ceafed  to  proceed,  for  at  the  end  of  fe- 
ven  months,  the  apparatus  continued  in  the  fame 
ftate,  and  the  abforption  had  not,  in  the  lead: 
degree,  increafed. 

It 


METALLIC  SUBSTANCES.      339 

It  appears  from  thefe  experiments :  ift,  That 
the  calcination  of  metals  is  not  near  fo  eafily  per- 
formed, when  they  are  confined  in  a  portion  of 
air  contained  in  a  glafs  receiver,  as  in  the  open 
air. 

2dly.  That  this  calcination  is  alfo  limited  ; 
viz.  that  when  a  certain  portion  of  metal  has  been 
reduced  to  a  calx  in  a  given  quantity  of  air,  it 
is  impofllble  to  carry  on  the  calcination  farther 
in  the  fame  air : 

3dly.  That  in  proportion  as  the  calcination  pro- 
ceeds, there  is  a  diminution  in  the  volume  of  air, 
and  this  diminution  is  nearly  anfwerable  to  the 
augmentation  of  weight  in  the  metal : 

4thly.  That  by  comparing  thefe  facts  with  thofe 
contained  in  the  preceding  chapter,  it  feems 
proved,  that  an  elaftic  fluid  is  combined  with, 
and  becomes  fixed  in  metals  during  their  calci- 
nation, and  that  to  this  fixation  their  augmenta- 
tion in  weight  is  to  be  attributed  :   • 

•  5thly.  That  feveralcircumftances  would  feem  to 

Z  2  lead 
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lead  to  a  belief,  that  the  whole  of  the  air  which 
we  breathe  is  not  adapted  to  be  fixed,  and  enter 
into  combination  with  metallic  calces ;  but  that 
there  exifts  in  the  atmofphere,  an  elaftic  fluid  of 
a  particular  kind  which  is  mixed  with  the  air, 
and  that  it  is  at  the  inftant  when  the  quantity 
of  this  fluid  contained  under  the  receiver  is  con- 
fumed,  that  the  calcination  can  no  longer  take 
place.  The  experiments  which  I  mail  relate  in 
Chapter  IX.  will  give,  at  lead,  fome  degree  of 
probability  to  this  opinion. 

The  experiments  of  which  I  have  given  an 
account,  would  appear  a!fo  to  lead  to  the  two 
following  confequences :  iff,  That  the  calcina- 
tion of  metals  cannot  take  place  in  veffels  clofely 
flopped,  or,  at  leaft,  that  it  can  only  be  in  pro- 
portion to  the  quantity  of  fixable  air  which  is 
confined  in  them  :  2dly,  That  in  cafe  the  cal- 
cination could  proceed  in  vefTels  clofely  flopped 
and  exhaufted  of  air,  it  mould  then  be  without 
increafe  of  weight,  and  confequently  with  cir- 
cumftances  very  different  from  thofe  obferved  in 
calcination  performed  in  air. 

The 
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The  train  of  experiments  which  Meffieurs 
Darcet  and  Rouelle  have  announced  in  a  memoir 
inferted  in  the  Journal  de  Medicine  for  the  month 
of  January  lad,  on  the  calcination  of  metals  in 
porcelain  veffels  exactly  flopped,  will,  without 
doubt,  throw  great  light  on  this  fubjecT:.  Per- 
haps this  calcination  may  be  no  more  than  a  fim- 
ple  privation  of  Phlogifton  in  the  fenie  which 
Stalh  meant.  However  this  may  be ;  the  learn- 
ed cannot  but  expect  with  much  impatience  the 
publication  of  thefe  experiments,  and  the  repu- 
tation which  thefe  two  chemifts  have  fo  juttly  ac- 
quired, fufficiently  anfwer  for  the  accuracy  to  be 
expected  in  them.  * 

CHAP- 


*  I  had  not  the  leaft  knowledge  of  Dr.  Prieftley's  expe- 
riments, when  I  was  employed  in  thofe  related  in  this  chap- 
ter. He  has  obferved  with  me  and  before  me,  as  has  been 
feen  in  the  firft  part  of  this  work,  that  a  diminution  in  the 
volume  of  air  was  produced  during  the  calcination  of  "me- 
tals :  this  diminution  in  fome  experiments,  was  equal  to 
^.,  and  even  to  JL  of  the  bulk  of  air  which  he  had  employ- 
ed. Although  I  have  made  ufe  of  a  lens,  the  flrongeft  of 
any  known,  I  have  not  been  able  to  carry  it  to  above  * 

Z3  in 
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CHAPTER     VII. 
EXPERIMENTS    on    ELASTIC    FLUID 

DISENGAGED      FROM      EFFERVESCENT 

MIXTURES,    and    from     METALLIC 
REDUCTIONS, 

HAVING  (hewn  that  elaftic  fluid  is  feparated 
very  plentifully  in  the  reduction  of  mi- 
nium, it  remains  that  I  fhould  give  fome  expe- 
riments on  the  nature  of  that  fluid,  and  efpecially 

that 

in  the  dry  way.  This  circumftance  induced  me  to  fufpecl 
that  the  elaftic,  fixable,  fluid  which  is  diffufed  in  the  air 
is,  perhaps,  more  abundant  in  it  at  one  time  and  in  one 
place  than  another;  that  it  is  mixed,  in  greater  proportion, 
with  the  atmofpheric  air  in  inhabited  places,  in  our  labora- 
tories, &c.  than  in  fields,  gardens,  and  in  places  in  gene- 
ral where  the  air  is  perpetually  renewed.  Further,  Dr, 
Prieftley  is  perfuaded  that  the  diminution  in  the  quantity 
pf  air  which  he  obferved,  proceeded  from  a  iuperabundance 
p£  jphlogifton  which  was  fupplied  to  it  by  the  calcination 

tf 
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that  I  fhould  prove  its  perfect  identity  with  that 
difengaged  by  effervefcence :  but  previous  to 
entering  on  the  detail  of  experiments,  which  I 
fhall  adduce  in  proof  of  it,  it  may  be  neceflarv 
to  proceed  here  to  fome  preliminary  defcriptions, 

An  Apparatus  proper  for  obtaining  the 
Elastic  Fluid  from  Effervescing  Mix- 
tures AS  PURE  AS  POSSIBLE,  WITHOUT  MA- 
KING use  of  Bladders. 

THIS    apparatus    is    reprefented    fig.   13th. 
ACB  is  a  bottle  containing  about  two  pints, 

tubulated 

of  the  metal,  and  he  does  not  feem  to  have  fufpecled  * 
that  the  calcination  itfelf  was  an  abforption,  a  fixation  of 
elaftic  fluid. 

1  At  the  time  Mr,  Lavoifier  wrote  thefe  obfervations,  he  had^only 
feen  Dr,  Prieftley's  memoir  published  in  the  Philosophical  Tranfa&i- 
ons  j  thefe  two  great  philofophers  feem  to  have  made  the  difcovery  ot 
the  caufe  of  the  increafein  the  weight  of  metallic  calces,  nearly  about 
the  fame  time.  They  have  both,  fince  their  refpective  publications., 
been  employed  in  the  farther  purfuit  of  thefe  refearches,  and  I  hope 
to  be  enabled,  to  add,  by  way  of  appendix  to  this  tranfiation,  an  ac- 
count of  their  difcoveries.  Mr.  Lavoifier  has  already  publifhed  a  me- 
moir on  tiiis  fubjec>,  in  a  periodical  work,  of  which  M.  V  Abbe 
Rozier  is  the  editor,  entitled  Obfervations  fur  la  Phyfique,  fur  V  Hif- 
toire  Natureile  et  fur  les  Arts  :  and  I  "have  the  pleafure  to  find  that  a 
fecond  volume  of  Dr.  Prieftley's  Experiments  and  Obfervations  o» 
Air,  containing  the  moft  important  difcoveries  on  that  fubjecT,  is  ia. 
'He  prefs,  and  in  great  forwardnefs.    T.  H. 

z4 
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tubulated  at  E,  the  fame  of  which  a  defcription 
has  been  given  above,  fig.  4th.  As  much  chalk, 
in  grofs  powder,  is  to  be  put  into  it  as  will  fill 
it  up  to  about  a  third,  or  at  mod  one  half  of  its 
capacity*  and  then  the  funnel  G  is  to  be  luted 
to  it  in  the  fame  manner  as  in  fig.  5th.  and  7th, 

Again*  the  bottle  O  is  to  be  filled  with  pure 
water,  inverted  into  an  earthen  bucket,  VVFF* 
alfo  full  of  water,  and  placed  on  a  wooden  ftand 
or  trivet,  perforated  in  the  middle,  and  weighted 
With  lead  to  prevent  it  from  floating.  The  com- 
munication between  the  bottles  A  and  O  is  to 
be  procured  by  means  of  the  two  bent  tubes,  EI 
andTXLM. 

S  S  is  a  tube  which  is  fitted  by  friction  with 
great  exa&nefs  to  two  other  tubes  IE  and  TX. 
The  tube  SS  has  a  cock  at  R,  which  may  be 
opened  or  {hut  at  pleafure. 

When  all  the  junctures  are  exactly  fecured 
with  the  fat  lute  covered  with  moiftened  blad* 
ders,  as  much  dilute  vitriolic  acid  is  to  be  intro- 
duced into  the  bottle  A,  by  means  of  the  funnel 

G, 
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G,  as  is  fufficient  to  produce  a  quantity  of 
elaftic  fluid,  at  lead,  capable  of  filling  the  va- 
cant fpace  in  the  vefiels,  and  of  driving  off  the 
common  air  which  they  contain.  This  being 
done,  the  mouth  of  the  funnel  is  to  be  flopped, 
with  the  cork  P,  fig.  5th.  and  it  muft  be  filled 
with  dilute  vitriolic  acid  \  after  which,  by  means 
of  the  fmall  rod,  OP,  which  is  fattened  to  the 
cork  P,  the  necefiary  quantity  of  vitriolic  acid 
is  permitted  to  enter  into  the  bottle  A.  At  the 
fame  time  we  muft  not  forget  to  open  the  cock 
R. 

As  fad  as  the  elaftic  fluid  is  feparated  from 
the  chalk  in  the  bottle  A,  it  paries  into  the  bot- 
tle O  and  drives  out  the  water  in  proportion. 
It  is  necefiary  in  fome  experiments  to  introduce, 
into  the  bottle  O,  a  thin  covering  of  oil,  which 
fwimming  on  the  furface  of  the  water,  may  pre- 
vent the  elaftic  fluid  from  coming  into  actual 
contact  with  it. 


The 
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The  Manner  of  preserving  the  Elastic 
Fluid  in  Bottles,  for  any  Length  of 
Time  we  please. 

WHEN  all  the  water  has  been  expelled  from 
the  bottle  O,  fig.  13th.  by  the  elaftic  fluid,  and 
there  only  remains  a  thin  coat  of  oil  in  the  neck, 
the  extremity  M  of  the  fyphon  TXLM  is  to  be 
withdrawn^  the  bottle  corked  under  water,  and 
afterwards  removed  wherever  is  thought  proper. 
The  elaftic  fluid  may  be  prefer ved  a  very  long 
time  in  this  (late.  However,  when  it  is  to  be 
kept  from  one  feafon  to  another,  and  obliged  to 
undergo  the  changes  of  heat  and  cold,  it  is  ne- 
cefiTary  to  take  fome  farther  precautions  5  as  this 
air  is  fufceptible  of  condenfation  by  cold  like 
that  of  the  atmofphere,  the  external  air,  when 
the  weather  is  very  cold,  prefTes  on  the  corks 
and  it  is  difficult  to  prevent  it,  in  time,  from 
entering  into  the  bottle  and  mixing  with  the 
elaftic  fluid  contained  in  it.  It  is  eafy  to  avoid 
£his  mixture  of  the  two  airs,  by  plunging  the 
bottles  of  elaftic  fluid  with  their  necks  down- 
wards either  into  a  difh  or  jar  of  water,  as  may 

be 
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be  feen  reprefented  fig.  14th.  In  experiments 
where  we  are  not  apprehenfive  of  the  fmall  lofs 
of  elaftic  fluid  caufed  by  the  abforption  of  the 
water,  we  difpenfe  with  the  omiflion  of  the  bed 
of  oil  in  the  neck  of  the  bottle  •,  this  precaution 
may  even  become  injurious  if  we  intend  to  keep 
the  elaftic  fluid  for  a  very  considerable  time ;  for 
the  oil  being  liable  to  ferment  and  be  corrupted, 
it  might  produce  particular  phenomena.  It  is, 
then,  neceffary  to  leave  a  very  fmall  quantity  of 
water  in  the  neck  of  the  bottle,  inftead  of  the 
coat  of  oil. 


The    Method    of    removing    the    Elastic 
Fluid  from  one  Vessel  to  another. 

LET  the  recipient  kNOO,  fig.  10th.  be 
iuppofed  to  contain  a  certain  quantity  of  elaftic 
fluid,  which  there  is  occafion  to  transfer  into  a 
jar,  bottle,  or  any  other  veflfel :  a  communica- 
tion is  to  be  formed  by  means  of  the  bent  tube 
EBCD  and  the  tube  SS  furnifhed  with  its  cock, 
between  the  infide  of  the  receiver  tzNOO  and 
the  body  of  the  pump  P,  as  alfo,  by  means  of 

the 
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the  tube  SS  and  that  marked  txlm,  between  the 
pump  P  and  the  vefTel  Q^  which  mould  be  ex- 
actly filled  with  water ;  laftly,  the  pifton  Z  of 
the  pump  P  is  to  be  fet  in  action,  and  every 
time  the  pifton  is  raifed,  the  air  of  the  recipient 
tzNOO  paflfes  into  the  body  of  the  pump  P  ;  it 
is  then  driven  on,  and  obliged  to  pafs  into  the 
veffel  Q^  from  which  it  difplaces  the  water  in 
proportion.  If  the  veiTel  made  ufe  of  be  a  bot- 
tle, it  may  be  corked  under  the  water,  and  the 
elaftic  fluid  preferved,  in  the  manner  which  has 
been  before  defcribed. 

A  Description  of  an  Apparatus  for  trans- 
mitting an  Elastic  Fluid  through  any 
Kind  of  Liquor,  and  afterwards  pre- 
serving it  for  Examination. 

THIS  apparatus  reprefented  fig.  15th.  differs 
in  nothing  from  that  of  the  laft  experiment  ex- 
cept in  the  bottles  p\  p\  />'",  which  are  placed 
between  the  pump  PP  and  the  bucket  nnff. 
Thefe  bottles  are  entirely  fimilar  to  that  of  fig. 
4.    They  are  to  be  filled  with  lime-water,  or 

any 
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any  other  liquor  through  which  the  operator 
chufes  to  tranfmit  the  elailic  fluid.  A  commu- 
nication is  to  be  made  from  the  pump  PP  to 
the  firfl  bottle,  by  means  of  the  bent  tube  mp 
reprefented  feparately  fig.  i6th.  Laftly,  when 
by  the  action  of  the  pifton  Z,  the  elaftic  fluid 
has  pafled  into  the  body  of  the  pump  P,  and  it 
is  again  filled,  it  is  neceffarily  obliged  to  pafs 
into  the  tube  mp\  and  to  bubble  over  into  the 
liquor  contained  in  the  bottle  p'  •,  the  preflure  of 
the  fucceeding  dreams  of  air  forces  it  to  continue 
its  paffage,  and  to  rife  over  fucceflively  into  each 
of  the  bottles  p'\  p'",  and  fo  on  into  as  many  as 
may  be  thought  proper,  till,  in  fine,  all  the  air, 
which  could  not  be  abforbed  by  the  liquor,  paries 
into  the  bottle  or  jar  Q^  through  the  tube  txlm 
fig.  17th. 

The  different  inftruments  which  I  have  de- 
fcribed,  changed  and  modified  in  various  man- 
ners, have  been  fufficient  for  almoft  ail  the  ex- 
periments which  I  have  been  obliged  to  make 
on  the  elailic  fluid  difcharged  from  bodies.  In- 
deed thofe  relative  to  Dr.  Prieftley's  nitrous  and 
inflammable  airs  fhould  be  here  excepted,  which 
have  not  as  yet  been  the  objects  of  my  examine: 

ation, 
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dtion,  and  which  require  particular  precautions. 
I  thought  it  neceffary  to  begin  with  thefe  defcrip- 
tions,  that  there  might  be  no  occafion.to  return 
to  them  in  the  courfe  of  this  Chapter,  nor  any 
neceflity  to  interrupt  the  recital  of  my  experi- 
ments. 


EXPERIMENT     I. 

The  Effect   of  Elastic  Fluid  discharged 
from  Chalk  on  Animals. 

A  QUANTITY  of  elaftic  fluid  was  feparated 
from  chalk  by  the  vitriolic  acid,  and  tranfmitted 
by  means  of  the  apparatus  fig.  13th.  into  the  jar 
Q^  fig.  15th.  reprefented  feparately  fig.  18th. 
The  jar  was  corked  under  water  with  a  large 
cork  exactly  fitted  to  it ;  after  which  I  turned  it 
up,  pulled  out  the  cork  and  immediately  intro- 
duced a  young  fparrow. 

It  had  fcarcely  reached  the  bottom  of  the  jar 
before  it  fell  on  its  fide  in  convulfions ;  and 
having  withdrawn  it  in  a  quarter  of  a  minute,  it 

was 
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was  expiring,  and  I  could  not  pofiibly  reflore  it 
to  life  byfany  method. 

The  fame  experiment  being  repeated  on  a  rat, 
it  perifhed  with  the  fame  circumftances,  and 
nearly  in  the  fame  fpace  of  time.  Its  fides  were 
fhrunk,  and  had  a  kind  of  convulfive  motion  as 
if  it  had  endeavoured  to  infpire  the  air  without 
being  able  to  accomplifh  it. 


EXPERIMENT    II. 

The  Effect  of  Elastic  Fluid,  disengaged? 
from  Metallic  Calces,  on  Animals. 

THE  fame  jar  Q^was  filled  with  elaftic  fluid 
difengaged  in  the  reduction  of  minium,  and  a 
fparrow,  a  moufe  xand  a  rat  were  fucceflively  in- 
troduced into  it.  They  died  almoft  inftantly3 
as  in  elaftic  fluid  difcharged  by  effervefcence, 
and  their  death  was  attended  by  fimilar  circum- 
ftances. 

These  experiments  feem  to  difcover  one  of 
the  principal  caufes  of  the   almoft  immediate 

death 


352         ELASTIC  FLUID  FROM 

death  of  animals  in  the  elaftic  fluid  of  efifervefcing 
mixtures  and  metallic  reductions.  Without 
knowing  precifely  what  is  the  ufe  of  refpiration 
to  animals,  we  at  lead  know  that  this  function 
is  fo  eflfential  to  their  exiftence,  that  they  mufl: 
very  foon  perifh  if  their  lungs  be  not  inflated  al- 
moft  every  moment  by  the  elaftic  fluid  which 
compofes  our  atmofphere ;  but  it  may  eafily  be 
conceived  that  the  elaftic  fluid  from  eftervefcence, 
or  that  from  metallic  reductions,  is  not  by  any 
means  proper  to  perform  that  office  of  the  animal 
ceconomy,  and  cannot  inflate  the  lungs  of  ani- 
mals like  the  air  which  we  commonly  breathe. 
We  have  actually  feen  above,  that  this  fluid  is 
abforbed  with  great  facility  by  water  and  mod 
other  liquors,  that  it  fixes  itfelf  with  them  and 
fuddenly  lofes  its  elafticity :  hence  it  neceflarily 
refults  that  the  interior  part  of  the  lungs  being 
compofed  of  moift  membranes,  and  even  of  vef- 
fels  through  which  watery  vapours  continually 
tranfude;  the  elaftic  fluid  cannot  arrive  there 
without  fuddenly  lofing.  its  elafticity  :  indeed  it  is 
even  probable  that  the  elaftic  fixable  fluid  does 
not  reach  the  laft  ramifications  of  the  lungs,  but 
is  fixed  before  it  come  there.     The  action  of  the 

lungs 
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lungs  then  muft  be  fufpended  by  the  deficiency 
of  elaftic  fluid,  they  muft  collapfe  and  become 
flaccid ;  and  this  is,  in  fact,  what  is  obferved  in 
the  difTedlion  of  animals  which  have  perifhed  in 
this  way.  Almoft  the  fame  efted  would  be  ex- 
perienced in  a  pair  of  bellows,  the  infide  of 
which  was  moiftened  with  water,  and  its  action 
attempted  to  be  fupported  with  elaftic  fixable 
fluid. 


EXPERIMENT     III. 

The  Effect  of  Elastic  Fluid  separated 
from  Effervescing  Mixtures  on  Burning 
Bodies  and  on  Flame. 

A  LONG,  narrow  jar,  fig.  19th.  was  filled 
with  elaftic  fluid  difcharged  from  chalk,  and  I 
plunged  into  it  a  lighted  wax  taper  or  candle, 
fig.  20th.  fufpended  by  means  of  an  iron  wire. 

Scarcely  was  it  arrived  at  the  mouth  of  the 
jar,  but  it  was  inftantly  extinguifhed  ;  the  burnt 
part  of  the  wick  was  even  become  black.  It 
A  a  fometimes 
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fometimes  happened  that  I  could  light  the  fame 
candle  ten  or  twelve  times,  and  extingnifh  it  as 
often  in  the  fame  jar  ;  fo  true  it  is  that  a  confi- 
derable  time  is  necefTary  for  the  elaftic  flxable 
fluid  to  be  mixed  with  the  air  of  the  atmofphere : 
only  it  is  to  be  obferved  that  every  time  the 
candle  is  extinguifhed  anew,  it  is  neceffary  to 
immerfe  it  lower  than  the  preceding  time,  which 
feems  to  prove  that  the  union  of  elaftic  fluid  with 
atmofpheric  air  is  only  made  on  the  furface,  and 
one  ftratum  after  another,  nearly  in  the  manner 
in  which  folution  is  performed. 

A  red  hot  piece  of  charcoal  immerfed  in  the 
fame  air,  became  black  in  it  immediately,  as  if 
it  had  been  plunged  into  water. 

EXPERIMENT    IV. 

The  Effect  of  Elastic  Fluid  discharged 
from  Metallic  Calces  on  Burning  Bo- 
dies and  on  Flame. 

THE  fame  experiment  was  repeated,  making 
ufe  of  elaftic  fluid  difcharged  from  minium  in- 

ftead 
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ftead  of  that  from  chalk  -,  the  effects  were  pre- 
cifely  the  fame,  nor  did  I  perceive  the  lead  dif- 
ference. 

EXPERIMENT    V. 

to  transmit  elastic  fluid,  disengaged 
from  an  Effervescing  Mixture,  through 
Lime-Water,  and  to  observe  the  Quan- 
tity ABSORBED  BY  IT. 

I  FILLED  a  bottle,  whofe  capacity  was 
206^  cubic  inches,  with  elaftic  fluid  feparated 
from  chalk  by  vitriolic  acid  ;  it  was  placed  with 
its  mouth  downwards  in  a  bucket  full  of  water, 
VV,  fig.  15th.  and  the  whole  was  difpofed  in 
the  manner  defcribed  at  the  beginning  of  this 
Chapter.  The  jar  Q^was  69  cubic  inches  in  ca- 
pacity, it  was  exactly  filled  with  water,  and  the 
three  bottles  p\  p",  p"\  contained  74-  pints  of 
lime-water.  When  every  thing  was  thus  pre- 
pared, and  all  the  junctures  were  exactly  clofed 
with  fat  lute,  I  opened  the  cocks  R  r  and  work- 
ed the  pifton  Z  of  the  pump  P. 

A  a  2  As 
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As  foon  as  the  air  came  over  into  the  three 
bottles  p\  p\  p'\  and  at  the  firft  ftroke,  the  firft 
bottle  began  to  affume  a  cloudy  appearance ; 
the  fame  happened  to  the  fecond  towards  the 
end  of  the  fecond  ftroke,  and  to  the  third  on 
the  fourth.  I  was  obliged  to  make  fifteen  ftrokes 
and  a  half  of  the  pifton  to  fill  the  jar  Qjvith 
elaftic  fluid. 

The  capacity  of  the  pump  is  I2|  inches, 
from  whence  it  follows  that  the  quantity  of  elaf- 
tic fluid  which  I  had  caufed  to  pafs  into  the  lime- 
water  was  1 88  inches,  the  air  which  had  fepa- 
rated  from  the  lime-water  was  69  inches,  the 
quantity  then  which  was  combined  with  the  lime 
was  119  or  about  two-thirds. 

It  is  proper  to  obferve  that  this  experiment 
does  not  give  very  exadly  the  portion  of  elaftic 
fluid,  capable  of  being  abforbed  by  the  lime; 
in  fact,  a  portion  of  air  contained  in  the  vacant 
part  of  the  bottles  p\p'\  p'\  pafTes  into  the  jar 
Qj  and  is  replaced  by  elaftic  fluid  ;  and  confe- 
quently  the  quantity  of  elaftic  fluid  abforbed 
appears  lefs  than  it  really  is.     It  is,  moreover, 

probable 
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probable  that  74.  pints  of  lime-water  would  not 
be  fufficient  to  deprive  the  elaftic  fluid  of  all  the 
portion  capable  of  being  fixed,  and  that  fome 
fmall  part  ftill  penetrates  into  the  jar  Q^  It  is 
doubtlefs  for  thefe  various  reafons  that  the  elaftic 
fluid  was  only  reduced  ~  in  this  experiment, 
whereas  Dr.  Prieftley  was  able  to  reduce  it  fi 


EXPERIMENT    VI. 

The  Effect  of  Elastic  Fluid  from  Effer- 
vescing Mixtures  on  Animals,  after  it 
has  been  deprived  of  its  flxable  part 
by  Lime. 

WHEN  the  water  in  the  jar  Q^,  fig.  15th. 
was  wholly  difplaced  by  the  elaftic  fluid  which 
had  pafled  through  lime-water,  I  was  curious  to 
try  what  effects  it  would  produce  on  animals, 
and  I  accordingly  withdrew  the  jar  from  the  wa- 
ter, after  having  corked  it,  as  has  been  before 
defcribed,  and  I  introduced  a  young  fparrow  in- 
to it  -,  it  did  not  appear  to  fuffer  very  fenfibly 
at  firft,  but  in  about  half  a  minute  its  refpira- 
A  a  3  tion 
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tion  feemed  difficult,  it  opened  its  bill,  and  in 
about  a  minute  it  fell  on  its  fide  almoft  motion- 
lefs.  It  was  left  in  this  ftate  fully  half  a  minute 
longer,  after  which  it  was  taken  out  and  expofed 
to  a  current  of  frefli  air.  For  the  firft  moments 
it  had  no  motion  except  of  its  eyes,  and,  in  a 
fmall  degree  alfo,  of  its  bill,  but  in  lefs  than  a 
minute  it  came  to  itfelf  and  began  to  hop  and 
fly. 


EXPERIMENT    VII. 

The  Effect  of  the  same  Fluid  on  Flame, 

A  SMALL  portion  of  elaftic  fluid  from  chalk 
which  remained  in  the  bottle  A,  fig.  15th.  was 
pafled  through  the  fame  lime-water,  and  after- 
wards collected  in  a  fmall  jar:  a  fmall  taper, 
which  was  immerfed  in  it  in  the  manner  repre- 
fented  fig.  19th.  and  20th.  was  extinguifhed  in 
an  inftant. 

The  lime-water,  which  had  ferved  for  thefe 

experi- 
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experiments,  and  was  contained  in  the  bottles 
p\p"9f'i  was  found  to  be  entirely  deprived  of 
its  alkaline  tafte.  The  lime  which  was  precipi- 
tated made  a  brifk  and  long  continued  effervef- 
cence  with  acids,  and  after  all  the  trials  to  which 
it  was  expofed,  I  could  not  find  that  it  differed 
in  any  refpect  from  chalk. 

EXPERIMENT    VIII. 

To  make  Elastic  Fluid,  separated  from 
a  Metallic  Calx  by  Reduction,  pass 
through  Lime-Water  ;  to  observe  the 
Quantity  absorbed  by  it,  and  the  Ef- 
fect of  the  Residuum  on  Animals  and 
on  Flame. 

INSTEAD  of  the  bottle  A,  fig.  15th.  I 
made  ufe  of  a  large  receiver  #NOO,  fig,  10th. 
into  which  I  transferred  a  mixture  of  560  cubic 
inches  of  elaftic  fluid  feparated  from  a  metallic 
calx,  and  80  cubic  inches  of  common  air.  It 
would  doubtlefs  have  been  preferable  to  have 
ufed  elaftic  fluid  pure  and  unmixed,  but  the  ap- 
A  a  4  patatus 
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paratus  defcribed  above,  fig.  ioth.  did  not  per- 
mit me  to  obtain  it  fo,  becaufe  fome  common  air 
always  neceffarily  remained  in  the  empty  fpace 
of  the  retort  A,  and  in  the  tubulated  receiver 
GH.  The  large  fyphon  EBCD  was  adapted 
in  the  fame  manner  as  in  the  former  experiment 
to  the  pump  PP,  fig.  ioth.  and  nth.  and  the 
elaftic  fluid  was  made  to  pafs  through  four  bot- 
tles, each  of  which  contained  two  pints  ten 
ounces  of  lime-water;  the  jar  Qj  the  capacity 
of  which  was  66  inches,  was  then  difpofed  to 
receive  the  air  which  could  not  be  abforbed  by 
the  lime-water. 

At  the  firft  ftroke  of  the  pifton,  the  lime-wa- 
ter contained  in  the  firft  bottle,  began  to  lofe 
its  tranfparency,  and  grew  fenfibly  turbid  on  the 
fecond. 

The  water  in  the  fecond  bottle  began  to  be 
cloudy  at  the  third  ftroke  of  the  pifton,  that  in 
the  third  on  the  fourth  ftroke,  and  that  of  the 
fourth  on  the  fixth. 

It  was  requifite  to  pump  135  cubic  inches  of 

elaftic 
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elaftic  fluid,  to  difplace  all  the  water  contained 
in  the  receiver  Q_  and  to  fill  it  with  air  -,  hence 
it  appears  that  135  cubic  inches  had  been  re- 
duced to  66  inches  in  paffing  through  the  lime- 
water,  and  therefore  that  69  inches  of  air  had 
been  combined  and  fixed  either  with  the  lime  or 
with  the  water. 

A  rat  having  been  put  into  this  air,  conti- 
nued fufficiently  eafy  at  firft.  It  then  appeared 
to  fufFer,  and  was  violently  agitated ;  at  length, 
in  three  or  four  minutes,  it  fell  down  in  a  kind 
of  ftupor,  and  continued  without  motion  as 
if  dead.  Having  withdrawn  it,  it  began,  in  a 
few  minutes,  to  fhew  fome  figns  of  life ;  it  after- 
wards recovered  gradually,  and  prefeqtly  became 
as  lively  as  before  the  operation. 

A  wax  candle  lighted  and  plunged  into  the 
fame  air  was  immediately  extinguifhed. 

The  water  in  the  two  firft  bottles  p\  p\  at 
the  end  of  this  operation,  had  already  formed  a 
very  confiderable  fediment;  that  in  the  third  and 
fourth  was  already  very  turbid  ;   but  one  might 
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eafily  judge  that  all  the  lime,  which  was  diffolved 
there,  was  not  yet  precipitated.  I  therefore  en- 
deavoured to  tranfmit  again  more  elaftic  fluid 
through  the  fame  water  into  the  jar  Q ;  the 
quantity  of  air  neceffary  to  fill  it  was  found  to 
be  120  inches,  and  confequently,  this  fecond 
time,  no  more  than  54  inches  were  abforbed, 
or  precifely  TVo . 

I  filled  the  fame  jar  Q^a  third  time  in  like 
manner,  and  the  quantity  of  elaftic  fluid  ab- 
forbed  by  the  ]*me,  in  this  operation,  was  but 
48  inches,  viz.  $$?• 

The  fame  rat,  having  been  put  into  this  air, 
feemed  to  feel  much  greater  inconvenience  from 
it ;  in  lefs  than  a  minute  it  fell  on  its  fide ;  I 
withdrew  it,  but  it  was  dead,  and  it  was  no 
longer  poffible  to  reftore  it  to  life. 

The  fame  jar  was  again  filled  a  fourth  time 
in  the  fame  manner ;  44  inches  only  were  now 
abforbed,  viz.  exactly  £?  of  the  quantity  em- 
ployed. A  moufe  being  placed  in  this  air,  pe- 
rifhed  in  the  third  part  of  a  minute. 

The 
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The  quantity  of  elaftic  fluid,  neceflary  to  fill 
the  jar  Q^the  firft  time,  was  135  cubic  inches ; 
but  it  mud  be  remembered  that  this  elaftic  fluid 
contained  f  of  common  air;  the  135  cubic 
inches  were  therefore  compofed  of  11 5-  inches 
of  elaftic  fluid  feparated  from  the  calx  of  lead, 
and  of  19  ~  inches  of  common  air:  but,  on  the 
other  fide,  common  atmofphenical  air  is  not  ca- 
pable of  uniting  fuddenly  with  lime-water,  like 
the  elaftic  fluid  arifing  from  effervefcence  and 
reductions ;  therefore  the  ig~  inches  of  com- 
mon air,  after  having  bubbled  through  the  lime- 
water,  fhould  pafs,  without  diminution,  into 
the  jar  Q^  It  is  evident  from  this  calculation, 
that  in  reality  135  inches  of  elaftic  fluid  were 
not  reduced  to  66  inches,  but  115I-  were  re- 
duced to  4.6-.  The  lime-water,  therefore,  ab- 
forbed  —  of  the  quantity  of  elaftic  fluid  which 
was  employed. 

When  this  calculation  is  applied  to  the  fe- 
cond,  third  and  fourth  times  of  filling  the  jar, 
it  will  be  found  that  the  quantity  of  elaftic  fluid 
ufed  for  the  fecond  was  103  inches;  that  it  was 
reduced  to  49  ;  from  whence  it  follows  that  the 

quantity 
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quantity  abforbed  by  the  lime-water  was  54  cu- 
bic inches  or  TW  That  for  the  third  the  quan- 
tity of  elaftic  fluid  employed  was  98  inches, 
which  was  reduced  to  50,  fo  that  the  quantity 
abforbed  was  48  inches  or  fomething  lefs  than  a 
half;  and  laftly,  that  for  the  fourth,  the  quan- 
tity of  elaftic  fluid  expended  was  94,  and  was 
reduced  to  50  inches,  viz.  the  quantity  abforbed 
by  the  lime  was  44  inches  or  the  -~ 


4-7 


One  remarkable  circumftance,  which  I  have 
taken  notice  of  above,  is  that  the  water  in  the 
bottles  /,  /',  p'"9  which  became  very  turbid  at 
the  beginning  of  thefe  different  operations,  and 
had  depofited  all  the  lime  which  it  contained  in 
a  ftate  of  folution,  towards  the  end  of  them  grew 
gradually  tranfparent.  The  reafon  of  this  phe- 
nomenon depends  on  the  elaftic  fluid  with  which 
the  water  was  impregnated,  and  by  the  afliftance 
of  which  it  became  capable  of  difTolving  the  cal- 
careous earth.  Some  obfervations  on  this  folu- 
tion will  be  found  in  the  next  Chapter. 


EXPE, 
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EXPERIMENT    IX. 

The  Effect  of  a  very  great  Degree  of 
Cold  on  Elastic  Fluid  from  Effer- 
vescence, 

FIG.  21ft.  reprefents  an  apparatus  which  I 
judged  neceflfary  for  this  experiment.  A  is  a 
bottle  filled  with  elaftic  fluid  feparated  from  chalk 
by  vitriolic  acid-,  the  tube  EBCD  is  exaclly 
luted  to  it  with  the  fat  lute  covered  with  a  blad- 
der, and  it  is  adapted  at  its  extremity  D  to  the 
tube  SS  furnifhed  with  its  cock  R.  Every  thing 
being  thus  prepared,  the  bottle  A  was  placed  in 
a  bucket  which  I  filled  with  a  mixture  of  broken 
ice  and  fea  fait. 

Reflecting  afterwards  on  this  experiment, 
I  confidered  that  its  principal  end  was  to  con- 
trad  the  elaftic  fluid  and  condenfe  it  as  much  as 
pofflble  •,  that,  however,  as  the  air  in  the  bottle 
A  had  no  communication  with  the  external  air, 
my  object  would  not  be  accomplifhed.     Indeed, 

whatever 
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whatever  degree  of  cold  I  had  applied  to  it,  in 
this  apparatus,  its  volume  would  always  have 
remained  equal  to  the  capacity  of  the  bottle. 
From  thefe  confiderations  I  perceived  that  it  was 
indifpenfably  neceflfary,  in  order  to  procure  any 
advantage  from  this  experiment,  to  lute  to  the 
other  extremity  of  the  tube  SS,  a  fyphon 
TXLM  which  might  communicate  with  the 
infide  of  the  inverted  bottle  O  filled  with  elaftic 
fluid  alfo  difcharged  from  chalk.  I  then  opened 
the  cock  R.  It  is  evident  that  by  means  of  the 
communication  formed  between  the  bottles  A 
and  O,  the  elaftic  fluid  could  not  be  condenfed 
by  cold  in  the  firfi;  but  a  portion  of  that  con- 
tained in  the  fecond  muft  pafs  to  fill  up  the  va- 
cuum ;  by  which  means  the  condenfation  might 
be  made  with  all  pofiible  freedom. 

The  air  of  the  laboratory  was  at  10^  degrees 
above  the  freezing  point.  When  I  began  this 
experiment,  the  degree  of  cold  was  at  about  15 
degrees  below  freezing,  I  continued  to  fupport 
it  at  this  temperature  for  five  hours,  without  the 
elaftic  fluid  being  more  diminished  than  common 
air  would  have  been.  Having  at  this  time  re- 
moved 
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moved  the  ice  which  furrounded  the  bottle,  I 
found  it  covered  internally  with  a  white  efflo- 
rescence, which  was  nothing  but  the  moifture  of 
the  air  which  was  condenfed  by  the  cold  and 
had  formed  a  kind  of  hoar  froft. 

It  was  afterwards  defirable  to  try  whether  the 
cold  had  changed  the  nature  of  the  elaftic  fluid, 
and  whether  it  had  become  more  fimilar  to  that 
of  the  atmofphere,  as  the  Count  de  Saluces  had 
aflerted.  (See  Part  I .  page  47.)  For  this  pur- 
pofe  I  replaced  the  bottle  A  in  an  earthen  bucket 
W  filled  with  water,  fig.  15th.  the  elaftic  fluid 
was  then  drawn  off  by  means  of  the  pump  PP, 
and  made  to  pafs  through  three  bottles  p\  pny 
piU,  filled  with  lime-water. 

At  the  firft  ftroke  of  the  pifton  the  liquor  be- 
gan to  become  cloudy,  and  afterwards  became 
turbid  in  the  fame  manner  as  if  the  elaftic  fluid 
had  not  been  expofed  to  the  action  of  cold.  I 
alfo  tried  the  effect  of  this  fluid  on  animals ; 
they  periftied  in  it  in  a  few  feconds,  and  it  in- 
ftantly  extinguifhed  flame. 


It 
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It  appears  from  the  experiments  contained  in 
this  Chapter,  lft.  That  there  is  a  perfect  refem- 
blance  between  the  elaftic  fluid  difengaged  in  the 
reduction  of  minium,  and  that  feparated  from 
effervefcing  mixtures ;  and  that  they  both  pro- 
duce the  fame  phenomena  on  lime-water,  on 
calcareous  earth,  on  burning  bodies  and  on 
animals. 

2dly.  That  both  thefe  fluids  are  compofed, 
i  ft.  Of  a  fixable  part  capable  of  being  combined 
with  water,  &c.  2dly.  Of  another  part,  much 
more  difficult  to  fix ;  capable  of  fupporting,  in 
a  certain  degree,  the  lives  of  animals,  and  in  its 
nature  much  refembling  the  air  of  the  atmo- 
fphere. 

3dly.  That  this  portion  of  common  air  is  ra- 
ther more  confiderable  in  the  elaftic  fluid  difen- 
gaged in  metallic  reductions,  than  in  that  detach- 
ed from  chalk. 

4thly.  That  it  feems  certain  that  the  noxious 
property  of  this  fluid  refides  in  its  fixable  parr, 
becaufe  it  is  lefs  fatal  to  animals  in  proportion  as 

it 
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it  is  farther  deprived  of  this  part,  as  is  proved  by 
Experirnpit  VIII. 

5thly.  That  nothing  as  yet  enables  us  to  de- 
cide whether  thefixable  part  of  elailic  fluid  from 
efTervefcing  mixtures  and  reductions,  be  a  fub- 
(lance  efTentially  different  from  air,  or  whether  it 
be  air  itfelf  to  which  fomething  has  been  added, 
or  from  which  fomething  has  been  fubftracted, 
and  that  prudence  demands  us  to  fufpend  our 
judgment,  at  prefent,  on  this  fubjecl:*. 


*  This  point  has  been  much  elucidated  by  Dr.  Prieft« 
ley's  experiments. 


B  b  CHAP- 
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C  H  APT  E  R     VIII. 

Of  some  PROPERTIES  of  WATER  impreg- 

-     NATED  WITH  ELASTIC  FLUID  SEPARATED 

from  EFFERVESCING  MIXTURES  or 
METALLIC  REDUCTIONS. 

MESSIEURS  Cavendilh,  Prieftley,  and 
Rouelle  have  communicated  to  the  puh* 
lie  fotne  very  interefting  experiments  on  the  fol- 
vent  properties  of  water  impregnated  with  fixed 
air,  or,  in  other  words,  elaftic  fluid,  feparated 
from  effervefcing  mixtures ;  they  have  demon- 
flrated  that  this  water  has  the  property  of  dif- 
folving  calcareous  earths,  iron,  zinc,  iron  ore, 
&c.  I  have  had  the  curiofity  to  vary  thefe  expe- 
riments, to  extend  them,  if  poffible,  and  I  have 
endeavoured  to  form  a  three- fold  union  of  fixed 
air,  metals  and  acids,  with  a  view  of  acquiring 
fome  ideas  of  the  degree  of  affinity  between  thefe 
different  fubftances. 
/;  To 
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To  accomplilh  this  defign,  I  firft  impregna* 
ted  a  fufficient  quantity  of  pure  diftilled  water 
with  elaftic  fluid  feparated  from  an  effervefcing 
mixture.  For  this  purpofe,  I  made  ufe  of  the 
apparatus,  fig.  7th. 

Some  of  this  water  was  poured  into  glaffes,  in 
which  I  had  previoufly  placed  folutions  of  iron* 
copper,  and  zinc,  in  the  vitriolic  acid,  folutions 
of  iron,  copper,  lead,  and  quick-filver,  in  the 
nitrous  acid,  of  gold  in  aqua  regia,  and  of  cor* 
rofive  fublimate  :  in  whatever  proportions  thefe 
mixtures  were  tried,  I  was  never  able  to  pro- 
duce a  precipitation,,  and  the  liquors  remained 
as  tranfparent  as  they  were  before ;  nay,  the  fo- 
lution  of  iron  in  the  vitriolic  acid,  which  was  ra- 
ther cloudy,  became  immediately  clear  by  the 
mixture  of  water  impregnated  with  elaftic  fluid. 

I  mixed  fome  of  the  fame  water  with  a  folu- 
tion  of  filver  in  nitrous  acid  •,  the  liquor  had  a 
flightly  cloudy  appearance,  but  fcarcely  percep* 
tible,  and  the  mod  fcrupulous  attention  was  re- 
quifite  to  remark  it.  This  circumftance  might 
caufe  a  fufpicion,  that  chalk  contains  fome  par- 
ticles of  marine  acid,  which  being  combined  in 
B  b  2  it; 
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it  with  a  bails,  is  driven  from  it  by  the  vitrio- 
lic acid,  and  paries  over  with  the  elaftic  fluid, 
and  that  uniting  with  the  filver,  in  this  experi- 
ment it  forms  a  luna  cornea ;  but  fuppofing  this 
fufpicion  to  be  well  founded,  that  quantity  of 
marine  acid  muft  be  fo  inconfiderable,  that  one 
grain  of  fpirit  of  fait  diffufed  in  two  pints  of  wa- 
ter would  produce  a  much  greater  effect. 

Though  thefe  experiments  may  not  be  quite 
complete,  becaufe  I  have  not  been  able  to  ex- 
tend them  to  all  the  metallic  folutions  \  they 
fhould  feem,  however,  to  prove  in  general,  that 
metallic  fubftances  have  more  affinity  with  the 
mineral  acids,  than  with  the  elaftic  fixable  fluid. 

Mr.  Hey,  fome  of  whofe  experiments  have 
been  published  by  Dr.  Prieftley,  nas  declared 
that  fixed  air  did  not  at  all  change  the  blue  co- 
lour of  fyrup  of  violets,  and  as  this  experiment 
has  been  fince  contefted,  I  was  curious  to  repeat 
it :  fome  fyrup  of  violets  was  accordingly  diffu- 
fed in  water  impregnated  with  elaftic  fluid,  and 
its  colour  compared  with  that  of  the  fame  fyrup 
of  violets  diffufed  in  diftilled  water.  The  colour 
was  not  fenfibly  changed  y  however  regarding  it 

with 
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with  the  mod  nice  attention,  the  fyrup  of  violets 
mixed  with  water  impregnated  with  fixed  air, 
feemed  to  have  fomething  of  a  redder  tinge  •, 
but  the  difference  was  fo  trifling,  fo  impercepti- 
ble, that  one  might  almoft  doubt  it  % 

An  experiment  may  be  recollected  which  I 
have  related  in  the  firft  Chapter  of  the  fecond 
part  of  this  work.  If  water  impregnated,  with 
elaftic  fluid  be  poured  by  degrees  into  faturated 
lime-water,  the  liquor  prefently  becomes  turbid, 
and  the  lime  precipitates  in  the  (late  of  chalk  ; 
but  if,  after  all  the  chalk  has  been  precipitated, 
the  addition  of  more  water  impregnated  with 
fixed  air  be  continued,  all  the  chalk  which  had 
been  precipitated  will  be  gradually  redifiblved, 
and  the  liquor  recover  its  former  tranfparency. 

It  has  been  alfo  feen  in  the  lad  Chapter,  that 

when 

*  Dr.  Priestley's  very  ingenious  friend  Mr.  Bewley, 
of  Great  Maffingham  in  Norfolk,  feems  to  have  determined 
this  point.  By  means  of  fixed  air,  he  has  not  only  turned 
fome  of  the  blue  juices,  which  are  more  delicate  tells  of 
acidity  than  fyrup  of  violets,  red,  but  has  even  neutralized 
alkaline  fait.     T.  H. 

Bb3 
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when  elaftic  fluid,  feparated  either  from  effer* 
vefcence,  or  metallic  reduction,  has  been  trans- 
mitted through  lime-water,  and  all  the  alkaline 
earth  has  been  thereby  precipitated  under  the 
form  of  chalk,  if  we  continue  to  throw  in  frefti 
dreams  of  elaftic  fluid,  the  greater  part  of  the 
precipitated  earth  is  again  diflblved,  and  the  li- 
quor recovers  its  tranfpareficy.  The  elaftic  fluid 
or  fixed  air  being  fo  common  in  the  mineral 
kingdom,  as  may  be  judged  from  the  mephitic 
or  aerial  waters  and  by  many  other  phenomena 
in  nature,  the  combination  of  this  fubftance  with 
calcareous  earths  ffaould  be  frequently  met  with 
in  waters  *  I  therefore  thought  that  it  would  be 
interefting  to  examine  the  effects  which  different 
kinds  of  tefts  would  produce  on  this  combination 
which  is  hitherto  but  little  known. 

To  this  purpofe  fome  diftilled  water  was  fa- 
turated  with  lime,  and  I  threw  a  ftream  of  air 
into  it  proceeding  from  a  reduction  of  calx  of 
lead ;  at  firft,  as  has  been  before  remarked,  the 
lime  was  precipitated  -9  it  was  then  rediflblved, 
and  I  continued  the  operation  in  this  manner  till 
I  imagined  the  water  was  as  much  loaded  as  it 
tould  be>  with  calcareous  earth* 

I POURE0 
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I  poured  this  water  on  folutions  of  iron  and 
copper  in  the  nitrous  acid/ the  liquors  neither 
became  turbid  nor  formed  any  precipitation. 
The  folution  of  filver  in  the  fame  acid  occafioned 
a  flight,  but  fcarcely  perceptible  cloud  in  the 
liqupr,  nearly  fuch  as  I  have  remarked  with  the 
water  impregnated  with  elaftic  fluid  only. 

The  cafe  was  different  with  folutions  of  cop- 
per, iron,  and  zinc  in  the  vitriolic  acid.  The 
precipitation,  it  is  true,  did  not  infta-ntly  take 
place,  but  in  a  few  feconds  the  liquor  became 
turbid,  and  in  a  fliort  time  the  precipitate  col- 
lected and  fubfided  to  the  bottom  of  the  veflel. 

A  solution  of  lead  in  the  nitrous  acid  af- 
forded, immediately,  a  very  plentiful  white  pre- 
cipitation. 

A  solution  of  quickfilver  in  nitrous  acid  af- 
forded a  precipitate  only  -by  employing  much 
water  and  little  of  the  folution  ;  this  precipitate 
was  of  a  pale  yellow  colour,  but  it  gradually 
became  grey  with  time. 

B  b  4.  A  sour- 
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A  solution  of  gold  in  aqua  regia  gave  no 
figns  of  precipitation. 

I  also  tried  on  this  water  the  effects  of  fixed 
and  volatile  alkalis  both  in  their  cauftic  and  mild 
ffcate ;  they  all  oceafioned  a  precipitation  of  the 
alkaline  earth  in  the  form  of  chalk ;  that  is  to 
fay,  they  attracted  to  themfelves  the  fuperabun- 
dant  portion  of  elaftic  fluid  which  held  it  dif- 
folved,  but  they  could  not  deprive  it  of  any 
more  y  we  have  feen,  in  fact,  that  elaftic  fluid 
has  more  affinity  with  alkaline  earth  than  with 
alkaline  falts. 

The  fame  water  being  poured  on  iyrup  of 
violets,  did  not  much  affect  its  colour  ?  however, 
a  flight  green  tinge  might  be  obferved,  which 
became  more  vifible  after  fome  hours. 

All  thefe  experiments  have  the  fame  fuccefs, 
whether  we  employ  elaftic  fluid  feparated  from 
eflfervefcing  mixtures,  or  that  from  metallic  re- 
ductions. 


CHAP- 
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CHAPTER     IX, 

On   the   BURNING     of    PHOSPHORUS, 
and  the  FORMATION  of  its  ACID. 


EXPERIMENT    I. 

The    Burning    of    Phosphorus    under   a 
Receiver-  inverted  in  Water. 

EIGHT  grains  of  Kunkel's  phofphorus  were 
placed  on  a  little  agate  cup  which  was  put 
under  a  glafs  receiver  inverted  in  water,  and  a  thin 
covering  of  oil  was  introduced  to  the  furface  of 
the  water  by  means  of  a  crooked  funnel :  this 
apparatus  is  the  fame  as  that  reprefented  fig.  8. 
I  then  threw  upon  the  phofphorus  the  focus  of 

a  glafs  lens  of  eight  inches  diameter. 

■ 

The  phofphorus  was  foon  fufed,    and  then 

kindled, 
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kindled,  yielding  a  beautiful  flame;  at  the  fame 
time  a  great  quantity  of  white  vapours  arofe, 
which  fettled  on  the  internal  furface  of  the  re- 
ceiver and  tarniflied  it.  Thefe  vapours  after- 
wards ran  in  deliquium^  and  formed  drops  of  clear 
limpid  liquor.  At  firft,  the  water  in  the  receiver 
rather  fell,  from  the  rarefa&ion  occafioned  by 
the  heat;  but  it  prefently  began  to  reafcend  fen- 
fibly,  even  during  the  burning,  and  when  the 
vefTels  were  grown  cold  it  fettled  at  one  inch 
five  lines  above  its  firft  level. 

The  internal  diameter  of  this  receiver  was 
4TV  inches;  and  confequently  the  abforption  of 
air  had  been  19^  inches.  Having  taken  the  cup 
from  under  the  receiver,  a  yellow  matter  was 
found  at  the  bottom  which  was  nothing  but  the 
phofphorus  half  decompofed ;  I  warned  and 
dried  it,  after  which  it  weighed  between  one 
and  two  grains,  and  therefore  there  had  been 
only,  in  reality,  between  fix  and  feven  grains  of 
phofphorus  burnt,  and  the  abforption  of  air  had 
been  about  three  inches  for  every  grain  of  phof- 
phorus. 

The 
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The  part  of  the  receiver  above  the  water 
contained  about  109  cubic  inches.  The  ab- 
forption,  then,  of  air  was  -—,  or,  what  is  the 
fame  thing,  between  a  fifth  and  fixth  of  the 
whole  quantity  of  air  contained*  under  the  re- 
ceiver. 


EXPERIMENT    II. 

The  Burning  of  Phosphorus  in  a  Receiver 
inverted  in  quicksilver. 

THIS  experiment  was  repeated  with  the  fame 
receiver  as  in  the  lad;  I  again  employed  eight 
grains  of  phofphorus  \  and  all  the  circtimftances 
were  abfolutely  the  fame,  with  this  difference 
only,  that  inftead  of  inverting  the  receiver  into 
a  veffel  of  water  with  a  covering  of  oil,  it  was 
inverted  into  a  veiTel  full  of  quickfilver. 

The  burning  fucceeded  nearly  as  in  the  laft 
experiment,  with  this  difference,  that  the  vapours 
which  adhered  to  the  receiver  were  more  light 
and  flocculent,  much  whiter,  and  did  not  run 

per 
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per  deliquium.  Independent  of  thofe  attached  to 
the  receiver,  the  little  cup  was  covered  with 
them.  The  abforption  of  air  was  i6%  cubic 
inches,  viz.  rather  lefs  than  three  inches  for 
every  grain  of  phofphorus.  There  alfo  remain- 
ed in  the  cup  a  fmall  yellow  refiduum  of  half 
decompofed  phofphorus, 

EXPERIMENT    III. 

The  Burning  of  Phosphorus  over  Quick- 
silver, in  smaller  Quantity  than  in 
the  former  Experiments. 

I  TRIED  to  burn  a  fmaller  quantity  than 
eight  grains  of  phofphorus  under  the  fame  re- 
ceiver and  over  quickfilver.  The  quantity  ot 
air  abforbed  was  diminifhed  in  proportion  to  the 
diminution  of  the  quantity  of  phofphorus,  and 
it  was  conftantly  between  %~  and  i\  inches  for 
each  grain,  deducting  for  the  fmall  portion  of 
yellow  refiduum  which  remained  after  each 
burning. 

EXPE- 
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EXPERIMENT    IV. 

To  DETERMINE    THE    GREATEST  QUANTITY  OF 

Phosphorus  which  can  be  burnt  in  a 
given  Quantity  of  Air,  and  what  are 
the  Limits  of  the  Absorption. 

TWENTY-FOUR  grains  of  phofphorus 
were  placed  on  the  agate  cup  in  the  fame  appa- 
ratus immerfed  in  mercury. 

The  phofphorus  burned  in  the  fame  manner 
at  firft  as  if  the  quantity  had  been  but  fix  or 
eight  grains,  excepting  only  that  the  inflamma- 
tion was  more  rapid,  more  inftantaneous,  and 
that  the  rarefaction  was  greater-,  but  prefently, 
though  a  confiderable  quantity  of  phofphorus 
ftill  remained  unburnt,  the  combuftion  ceafed, 
and  I  could  not  poffibly  renew  it  by  the  aid  of 
the  burning  glafs.  I  eafily  melted  the  phofpho- 
rus, made  it  bubble,  and  even  fublimed  it,  but 
ic  no  longer  flamed.  The  quantity  of  air  ab- 
forbed  in  this  experiment  was  found  to  be  about 

feventeen 
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feventeen  or  eighteen  inches,  and  on  comparing 
the  remainder  of  the  phofphorus  with  that  which 
I  had  made  ufe  of,  the  quantity  which  was  burnt 
was  found  to  be  no  more  than  fix  or  feven  grains. 

These  experiments  were  very  frequently  re- 
peated, and  the  refults  were  always  the  fame, 
except  fome  difference  in  the  quantities  of  air 
abforbed  ;  it  was  never  poflible  for  me  to  carry 
this  abforption  farther  than  twenty  or  twenty- 
one  inches,  or  nearly  approaching  to,  but  not 
entirely,  ~  of  the  whole  volume,  in  a  receiver 
whofe  capacity  was  109  inches.  Frequently, 
when  the  vefTels  had  been  fuffered  to  cool  for 
feveral  hours,  I  endeavoured  to  reflore  the  air 
under  the  receiver  by  lifting  it  up.  As  foon  as 
the  phofphorus  came  into  contact  with  the  frefti 
air,  it  immediately  kindled  again,  and  when  I 
had  covered  it  with  another  receiver  of  about 
the  fame  fize,  fix  or  eight  grains  more  were 
burnt.  The  phofphorus  was  then  extinguiflied 
without  the  poffibility  of  being  lighted  again, 
by  any  other  method  than  fupplying  it  with 
frefli  air. 

These 
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These  experiments  feem  already  to  lead  to  a 
fufpicion  that  atmofpheric  air,  or  fome  other 
elaftic  fluid  contained  in  the,  air,  is  combined, 
during  the  combuftion,  with  the  vapours  of  the 
phofphorus.  But  there  is  a  great  difference  be- 
tween conjecture  and  proof,  and  it  was  efTentially 
requifite  that  it  fhould  firft  be  well  eftablifhed 
that  a  combination  of  any  kind  of  fubftance 
was  formed  with  phofphorus  during  its  com- 
buftion.  The  following  experiments  appeared 
to  me  to  be  proper  for  furnifhing  that  proof. 

EXPERIMENT    V. 

to  determine,  with  as  much  precision  as 
the  Nature  of  the  Experiment  will 
admit  of,  the  Augmentation  in  Weight 
of  the  Acid  Vapours  of  burning  Phos- 
phorus. 

EIGHT  grains  of  phofphorus  were  put  into 
a  fmall  glafs  cup,  B,  fig.  22.  which  was  intror 
duced  into  a  wide  mouthed  bottle,  P.  The 
bottle  was  very  exactly  flopped  with  a  cork, 

and 
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znd  I  weighed  the  whole  to  the  exactnefs  of  half 
a  grain.  The  bottle  was  then  uncorked,  and 
immediately  placed  under  the  cryftal  receiver 
ACG,  which  had  been  before  made  ufe  of. 
The  quickfilver  was  raifed  up  to  CG,  and  the 
phofphorus  kindled  by  the  burning  glals. 

The  phofphoric  acid  was  fublimed  in  white 
flocculi,  which  were  moflly  attached  to  the  in- 
terior fides  of  the  bottle  P,  and  to  the  cup  B  -, 
one-fourth,  at  lead,  was  feparated  on  the  outfide 
of  the  bottle,  and  was  depofited  partly  on  the 
furface  of  the  quickfilver,  partly  on  the  inner 
fides  of  the  receiver,  and  on  the  exterior  furface 
of  the  bottle. 

When  the  vefTels  were  grown  cold,  the  ab- 
forption  was  found  to  be  from  fixteen  to  feven- 
teen  cubic  inches,  and  a  fmall  portion  of  yellow 
matter  remained  unburnt.  I  then  lifted  up  the 
receiver  A  with  proper  precaution,  and  in  lefs 
than  four  feconds,  I  recorked  the  bottle.  It 
may  eafily  be  fuppofed  that  in  fo  fliort  a  time 
the  air  contained  in  the  bottle  P  could  not  have 
been  renewed  and  replaced  by  the  moift  air,  or 

at 
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at  lead  that  if  fuch  an  effedt  could  have  taken 
place,  it  muft  have  been  only  in  a  quantity 
nearly  infenfible. 

The  outfide  of  the  bottle  P  having  been  very 
exa&ly  wiped  and  cleaned,  I  put  it  into  the 
fcales,  and  found  it  to  have  received  an  increafe 
of  weight  of  fix  grains ;  viz.  that  inftead  of  eight 
grains  of  phofphorus,  which  I  had  put  into  the 
bottle,  there  were  now  fourteen  grains,  either 
of  concrete  phofphoric  acid  or  of  phofphorus 
half  decompofed :  but  it  muft  be  remembered 
that  at  leaft  a  fourth  or  three  or  four  grains, 
was  feparated  during  the  burning,  on  the  outfide 
of  the  bottle ;  and  confequently  that  fix  or  fever* 
grains  of  phofphorus  yield  feventeen  or  eighteen 
grains  of  concrete  phofphoric  acid,  or  in  other 
words,  that  fix  or  feven  grains  of  phofphorus 
abforb  ten  or  twelve  grains  of  fome  fubftance 
contained  in  the  air  which  is  confined  under  the 
receiver.  This  experiment  leaves  fcope  enough 
to  preclude  any  reafonable  doubt  of  the  refult3 
and  all  the  arguments  which  could  be  adduced 
would,  at  mod,  tend  only  to  reduce  the  increafe 
Cc  of 
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of  weight,  from  ten  or  twelve,  to  eight  or  tea 


grains. 


The  quantity  of  air  abforbed,  was,  at  mod, 
feventeen  cubic  inches  combined  with  the  phof- 
phorus  to  form  the  phofphcric  acid;,  this  quan- 
tity communicated  an  increafe  in  weight  of  from 
ten  to  twelve  grains,  and  therefore  every  cubic 
inch  of  elaftic  fluid. which  was  abforbed  weighed 
about  I-  of  a  grain,  i.  e.  nearly  one-fourth  more 
than  the  air  which  we  breathe. 

But  if  the  matter  attracted  by  the  phofpho- 
rus,  during  its  combuition,  be  the  heavier  part 
of  the  air,  why  may  it  not  be  water,  itfelf  which 
that  fluid  holds  diffolved,  and  is  diffufed  fo  a- 
bundantly  in  the  atmofphere  in  a  kind  of  date 
of  expanfion  ?  Without  doubt,  I  reafoned  with 
myfelf,  water  is  neceffary  to  the  aliment  of 
flame  •,  in  proportion  as  air  contains  it,  it  is  pro- 
per to  fupport  combuftion  j  but  when  deprived 
©f  it,  combuftion  can  no  longer  take  place. 

This  fentiment  was  probable,  and  carried  an 

air 
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air  of  truth  adapted  to  feduce.  I  therefore  re- 
folved  to  fubmit  it  to  the  teft  of  experiment,  and 
the  following  was  my  method  of  reafoning.  If 
this  theory  of  the  abforption  of  water  be  true, 
three  things  fhould  refuit  from  it,  ift.  That  by 
reftoring  to  the  air  confined  under  the  receiver 
in  which  the  phofphorus  has  been  burnt,  a  quan- 
tity of  water  reduced  to  vapours  proportionable 
to  that  which  has  been  abforbed,  the  combuftion, 
inftead  of  ceafing,  mould  be  prolonged  much 
farther.  2dly.  That  in  this  cafe  there  fhould 
be  no  farther  diminution  in  the  bulk  of  air  in 
proportion  as  the  phofphorus  burns,  gdly.  That 
by  reftoring  to  a  quantity  of  air,  in  which  phof- 
phorus has  been  burnt,  and  confequently  de- 
prived of  its  water,  and  diminifhed  about  a  fifth, 
a  proportion  of  water  reduced  to  vapours,  an 
increafe  fhould  be  produced  in  its  bulk  equal  to 
the  diminution  which  it  had  fuffered  during  the 
eombuftion.  Thefe  reflections  led  me  to  the 
following  experiments. 


C  c  2  EXPE- 
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EXPERIMENT    VI. 

To  burn  Phosphorus  under  a  Receiver 
immersed  in  quicksilver,  maintaining 
an  Atmosphere  of  Water  reduced  to 
Vapours  under  the  same  Receiver. 

I  PUT  a  fufficient  quantity  of  mercury  in  a 
fmall  earthen  difh,  and,  on  its  furface,  placed 
two  fmall  agate  cups,  in  one  of  which  were 
contained  eight  grains  of  phofphorus,  and  in  the 
other  about  a  drachm  of  water;  thefe  were  co- 
vered with  a  cryftal  receiver,  and  the  mercury 
was  raifed  in  it  to  a  proper  height. 

The  focus  of  the  burning  lens  was  firft  thrown 
on  the  cup  which  contained  the  water :  in  a  few 
minutes  it  became  hot,  and  prefently  boiled  and 
rofe  in  vapours  which  condenfed  in  drops  and 
trickled  down  the  fides  of  the  receiver.  When 
I  was  perfectly  allured  that  a  plentiful  atmo- 
fphere  of  watery  vapours  exifted  under  the  re- 
ceiver,  I  ceafed  to  make  the  water  boil,  and 

threw 
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threw  the  focus  of  the  fame  lens  on  the  phof- 
phorus. 

The  combuftion  was  performed  as  uftial ;  the 
fame  quantity  of  air  was  abforbed,  nor  did  the 
experiment  differ  from  all  thofe  made  over  quick- 
filver^  except  that  the  acid,  inflead  of  being  in 
white  flowers  and  in  a  concrete  form,  was  de- 
pofited  in  drops  on  the  (ides  of  the  receiver,  in 
proportion  to  the  quantity  of  water  with  which 
it  had  been  fupplied. 

EXPERIMENT    VII. 

To  restore  Moisture    to   Air    in   which 
Phosphorus  has  burnt. 

THE  fame  experiment  was  repeated,  obferv- 
ing  to  burn  the  phofphorus  firft,  and  afterwards 
to  make  the  water  boil  by  means  of  the  burning 


glafs. 


The  acid  vapours  were  depofited  on  the  fides 
C  c  3  of 
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of  the  receiver  in  white  flowers,  but  lefs  beautU 
ful  than  in  the  fifth  experiment  -9  and,  in  fome 
minutes,  they  deliquefced,  occafioned.  by  the 
humidity  which  the  water,  though  cold,  had 
furniflied  under  the  receiver.  When  the  veffels 
were  cooled,  the  abforption  of  air  was  found  to 
be  nearly  equal  to  that  of  the  preceding  experi- 
ments. I  then  threw  the  focus  of  the  lens  on 
the  water  contained  in  the  cup,  and  made  it  boil. 
The  vapour  was  immediately  diffufed  in  the  area 
of  the  receiver,  and  collected  in  drops  along  its 
fides  ;  but  the  height  of  the  quickfilver  was  nei- 
ther increafed  nor  diminifhed,  fo  that  the  volume 
of  air  remained  exactly  the  fame. 

EXPERIMENT    VIII. 

to  try  whether  a  greater  quantity  of 
Phosphorus  can  be  burnt  in  a  given 
Quantity  of  Air,  by  the  Aid  of  Water. 
reduced  to  vapours. 

I  EMPLOYED,  in  this  experiment,  the  fame 
two  agate  cups  as  in  the  preceding  ones ;  into 

one 
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one  was  put  a  little  diftilled  water,  and  into  the 
other  eighteen  grains  of  phofphorus.  The  water 
was  made  to  boil  by  means  of  the  burning  glafs, 
and  I  then  kindled  the  phofphorus. 

No  more  than  kven  or  eight  grains  were 
burnt,  after  which  the  combuftion  ceafed,  and 
it  was  not  poffible  to  reanimate  it  by  the  help  of 
the  burning  glafs.  The  greater  part  of  the  un- 
burnt  phofphorus  remained  in  the  cup  ;  fame 
portions  were  fublimed  on  the  inner  fides  of  the 
receiver..  The  abforption  of  air  was  1 84-  inches, 
i.  e.  very  nearly  the  fame  as  in  the  other  expe- 
riments. 

It  appears  evident^  from  thefe  experiments, 
that  the  diminution  in  the  volume  of  air  obferved 
during  the  burning  of  phofphorus,  i^  not  owing 
to  the  abforption  of  water  which  was  contained 
in  it;  that  the  greater  or  fmaller  quantity  of 
water  introduced  under  the  receiver,  and  com- 
bined with  the  enclofed  air,  makes  no  alteration 
in  the  phenomena;  and  that  the  whole  difference 
which  refults  from  it  is  to  have  the  acid  either 
concrete  or  fluid.  Not  that  I  would  deny  that 
C  c  4  the 
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the  phofphoric  acid,  when  forming,  may  attract 
from  the  air  a  portion  of  the  moifture  with  which 
it  is  loaded  -,  it  is  even  very  probable  that  this 
really  happens  ;  and  it  is,  doubtlefs,  on  account 
of  this  moifture  that  the  augmentation  in  weight, 
obferved  in  Experiment  V.  was  found  to  be  ra- 
ther greater  than  it  ought  to  have  been  from  the 
quantity  of  air  abforbed ;  but  it  does  not  appear 
to  be  the  lefs  proved  by  every  thing  which  has 
preceded,  ift.  That  the  greater  quantity  of  the 
fubftance  abforbed  by  phofphorus  during  its 
burning,  is  fomething  elfe  than  water.  2dly, 
That  it  is  to  the  addition  of  this  fubftance  that 
the  phofphoric  acid  owes  its  increafe  in  weight* 
^dly.  That  to  the  fnbtraclion  of  it,  the  diminu- 
tion in  the  bulk  of  air  in  which  phofphorus  has 
burned  is  to  be  attributed.  A  concluding  expe- 
riment which  I  would  introduce  by  fome  preli- 
minary reflections,  will  I  hope  carry  thefe  truths 
to  demonftration, 

1  suppose  a  bottle  or  fome  other  vefTel  with 
a  narrow  neck  to  be  exactly  filled  with  diftilled 
water,  in  fuch  a  manner  that  it  would  not  be 
poftible  to  add   a  fingle  drop  more  without  its 

running 
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fanning  over  the  brim.  If  afterwards  fome  phos- 
phoric acid  be  introduced  into  this  bottle,  or 
any  other  acid  in  a  (late  of  abfolute  concentration* 
that  is,  abfolutely  deprived  of  water,  it  is  clear 
that  one  of  thefe  two  things  mull  happen  ;  either 
that  the  acid  mud  be  lodged  between  the  parti- 
cles of  water  and  be  combined  with  it  without 
increafing  its  bulk ;  or  rather,  which  is  more 
probable,  that  in  mixing  with  the  water,  it  will 
feparate  the  parts,  and  a  greater  volume  than 
that  of  the  water  will  refult  from  the  mixture ; 
there  would  then  be  a  quantity  of  fluid  greater 
than  what  the  bottle  could  contain,  and  this  ex- 
cefs  would  trickle  over  its  brim. 

Supposing  the  quantity  of  acid  introduced  to 
be  unknown,  it  will  not  be  difficult  to  deter- 
mine it  in  the  firft  cafe  ;  it  is  only  neceflfary  to 
weigh  the  bottle,  and  the  increafe  of  weight 
which  it  has  acquired  will  be  equal  to  the  weight 
of  the  acid  which  has  been  added. 

The  circumflances  will  differ  in  the  fecond 
cafe  •,  for  to  have  the  quantity  of  acid  which  has 
been  introduced  into  the  bottle,   we  ought  to 

add 
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add  to  the  increafe  of  weight  which  it  has  ac- 
quired, the  weight  of  the  fluid  which  may  have 
run  over  its  brim  :  but  it  will  always  be  certain, 
and  we  may  regard  it  as  demonftrated  that  in 
both  cafes  the  quantity  of  acid  added,  if  it  be 
not  greater,  is  at  leaft  equal  to  the  augmentation 
in  weight  which  the  bottle  has  acquired.  Thefe 
reflections  will  naturally  apply  to  the  following 
experiment. 


EXPERIMENT    IX. 

An  Examination  of  the  relative  Weight 
of  Phosphoric  Acid  with  Distilled  Wa- 
ter, and  the  Consequences  deducible 
from  thence. 

IN  the  middle  of  a  large  glazed  earthen  difli, 
I  placed  a  frnall  agate  faucer,  and  covered  the 
whole  with  a  great  glafs  receiver,  but  in  fuch  a 
manner  that  the  margin  of  the  difli  fhould  ex- 
tend farther  than  that  of  the  receiver.  Both 
veffels  had  been  previoufly  moiftened  with  fome 

diftilled 
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diftilled  water.  The  apparatus  having  been  thus 
difpofed,  I  put  in  the  agate  faucer  two  or  three 
grains  of  phofphorus,  and  inflamed  it  by  means 
of  the  blade  of  a  knife  moderately  heated,  which 
I  panned  under  the  receiver  and  touched  the 
phofphorus  with  it.  As  foon  as  the  inflamma- 
tion began,  a  very  thick  column  of  white  va- 
pours arofe  from  the  phofphorus,  and  was  dif- 
fufed  in  the  receiver;  but  it  was  remarkable 
that  though  the  receiver  was  merely  placed  on 
the  dim,  and  did  not  even  touch  exactly  in  all 
its  points,  the  vapour  which  circulated  within 
it,  inftead  of  being  driven  out  by  the  rarefaction 
occafioned  by  the  heat,  feemed  on  the  contrary 
to  be  pufhed  inwards  by  the  currents  of  external 
air  which  were  introduced  under  the  receiver. 
This  circumflance  however  did  not  prevent  a 
fmall  quantity  of  vapours  from  efcaping  at  fome 
other  moments. 

An  hour  was  necefTary  to  condenfe  the  whole 
of  the  vapours  contained  under  the  receiver  -9 
after  which  I  recommenced  the  fame  operation, 
only  taking  care  to  moiften  the  receiver  again 
either  with  diftilled  water,    or  the    fame  water 

which 
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which  had  been  already  employed,  and  which 
became  more  and  more  acid* 

It  is  proper  to  obferve  that  at  the  end  of  each 
combuftion,  there  always  remained,  in  the  bot- 
tom of  the  faucer,  fome  portions  of  yellow  mat- 
ter, of  which  I  have  before  fpoken,  and  which 
confifl  of  half  decompofed  phofphorus  ;  I  took 
particular  care  to  lay  this  afide.  I  continued  to 
burn  phofphorus  in  this  manner  to  the  amount 
of  two  drachms  forty-two  grains  -9  when,  having 
warned  and  dried  the  yellow  matter  which  re- 
mained, its  weight  was  thirty-two  grains-,,  the 
quantity  of  phofphorus  therefore  which  had 
been  burned,  was  in  reality  no  more  than  two 
drachms  ten  grains. 

The  liquor  refulting  from  this  operation  was 
clear  and  limpid,  without  colour  or  fmell,  and 
had  an  acid  tafte  like  that  of  oil  of  vitriol  diluted 
with  a  large  quantity  of  water.  It  was  evident 
that  this  liquor  was  Only  diftilled  water,  into 
which  a  certain  quantity  of  phofphoric  acid  had 
been  introduced ;  and  I  was  able  to  apply  to  it 
the  reflections  which  preceded  this  experiment. 

I  AC- 
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I  accordingly  took  a  phial  capable  of  con- 
taining all  the  phofphoric  acid  which  I  had  ob- 
tained, and  having  put  the  acid  into  it,  as  there 
ftill  remained  a  fmall  void  fpace  between  the  li- 
quor and  the  neck  of  the  bottle,  I  filled  it  up 
with  <diftilied  water,  and  tied  a  thread  exactly 
level  with  the  furface  of  the  liquor.  The  bottle 
having  been  put  into  the  fcales,  the  weight  of 
acid,  exclufive  of  the  bottle,  was  6  ounces,  7 
drachms,  69-  grains. 

The  bottle  was  afterwards  emptied,  and  very 
carefully  cleaned  and  then  filled  with  diftilled 
water  up  to  the  fame  mark.  The  weight  of  this 
water,  allowance  being  made  for  that  of  the 
bottle,  was  found  to  be  6  ounces,  4  drachms, 
42  grains,  which  makes  the  excefs  of  weight  in 
the  acid  above  that  of  the  diftilled  water,  3 
drachms,  27^  grains. 

It  is  clear  from  what  has  been  faid  above, 
that  an  excefs  in  weight  of  3  drachms,  274-  grains, 
mews  at  lead  that  there  exifted  that  portion  of 
acid  in  the  liquor,  even  upon  the  moft  unfavour- 
able fuppofitions ;  yet  the  quantity  of  phofphorus 

employed 
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employed  was  only  2  drachms,  10  grains  %  from 
whence  it  evidently  follows  that  the  phofphorus 
had  attracted,  during  its  combuftion,  at  leaft 
1  drachm,  17  grains  of  fome  kind  of  fubftance. 
This  fubftance  could  not  be  water,  becaufe  vxiter 
could  not  have  augmented  the  fpecific  gravity  of 
water-,  it  was  therefore  either  air  itfelf,  or  fome 
other  elaftic  fluid  contained,  in  a  certain  propor- 
tion, in  the  air  which  we  refpire.  This  laft  ex- 
periment appears  fo  demonftrative  to  me,  that 
I  do  not  forefee  any  objection  that  can  be  ad- 
vanced againft  it. 


CHAPTER     X. 

EXPERIMENTS  on   COMBUSTION  and 
DETONNATION  in  VACUO. 

IF  the  combuftion  of  phofphorus  confift  efFen- 
tially,  as  the  preceding  experiments  mould 
feem  to  prove,  in  the  abforption  of  air,  or  fome 

other 
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other  elaftic  fluid  contained  in  the  air,  it  fhould 
therefore  refult  that  the  burning  of  phofphorus 
cannot  be  performed  without  air,  and  confe- 
quently  cannot  take  place  in  the  vacuum  of  an 
air  pump,  and  I  was  curious  to  procure  myfelf 
this  addition  of  proof. 

EXPERIMENT    I. 

TO  TRY  TO  BURN  PHOSPHORUS  IN  VACUO. 

A  LITTLE  piece  of  phofphorus  was  placed 
under  the  receiver  of  an  air  pump,  and  as  per- 
fect a  vacuum  was  made  as  the  machine  would 
admit  of.  I  then  threw  the  focus  of  a  lens  of 
8  inches  diameter  on  the  phofphorus  \  it  imme- 
diately fufed,  bubbled  and  acquired  a  colour  ra- 
ther of  a  deeper  yellow  than  before ;  at  length 
it  fublirned,  but  it  did  not  burn  at  all.  Having 
admitted  air  into  the  receiver,  and  having  tafted 
the  watery  vapours  which  adhered  internally  to 
its  fides,  I  did  not  even  find  them  fenfibly  acid ; 
from  whence  it  is  plain  there  had  been  no  com- 
buftion. 

EXPE* 
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EXPERIMENT     II. 

Sulphur     in     Vacuo. 

SULPHUR  expofed  in  the  vacuum  of  an  air 
pump  to  the  heat  of  a  burning  glafs,  fublimed 
like  the  phofphorus,  nor  was  it  pofiible  to  fet  k 
on  fire, 

EXPERIMENT    III. 
Gun-Powder    in    Vacuo. 

SOME  gun-powder  was  placed  under  the  re- 
ceiver of  an  air  pump,  and  as  perfect  a  vacuum 
made  as  could  poflibly  be  effected.  The  focus 
of  a  burning  glafs  being  afterwards  thrown  up- 
on the  powder,  it  fufed,  the  fulphur  was  fub- 
limed to  the  top  of  the  receiver,  but  it  neither 
took  fire  nor  exploded,  I  made  ufe  alfo  in  this 
experiment  of  a  lens  of  eight  inches  diameter. 

Havin© 
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Having  introduced  a  fmall  quantity  of  air 
under  the  receiver,  about  a  twentieth  part  of 
what  it  was  capable  of  containing,  the  explofjon 
was  eafily  made,  with  a  noife  nearly  fimilar  to 
that  of  the  burfting  of  a  thin  bladder.  The 
noife  was  proportionably  lefs  as  the  receiver  was 


arger. 


EXPERIMENT    IV, 

Nitre  and  Sulphur  in  Vacuo. 

EQUAL  parts  of  nitre  and  fulphur  do  not 
produce  any  kind  of  explofion  in  vacuo.  The 
fulphur  fublimes  without  burnipg  in  tfie  fame 
manner  as  if  it  were  unmixed. 
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CHAPTER     XL 
Of    AIR    in    which    PHOSPHORUS 

HAS     BEEN     BURNT. 

EXPERIMENT     I. 

The  Effect  of  Air,  in  which  Phosphorus 
has  been  burnt,  on  animals. 

A  QUANTITY  of  air  which  had  been  dimi- 
nifhed  rV  in  its  bulk  by  the  burning  of  phof- 
phorus,  was  tranfmitted  into  ajar  by  means  of  the 
pump  PP,  and  by  an  apparatus  nearly  fimilar 
to  that  of  fig.  10.  I  threw  a  bird  into  it  and  left 
it  there  a  full  half  minute.  I  did  not  perceive 
that  its  refpiration  was  more  difficult  than  in  com- 
mon air,  nor  did  it  fhew  any  figns  of  being  in- 
jured. We  may  recoiled  on  the  contrary  that 
an  animal,  of  the  fame  fpecies,  being  put  into 
fixed  air,  perifhed  almoft  on  the  firft  infpiration. 

EXPE- 
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EXPERIMENT    II. 

The  Effect  of  Air,  in   which  Phosphorus 
has  been  burnt,  on  lighted  candles, 

ANOTHER  portion  of  the  fame  air  was 
thrown  into  a  narrow  jar,  and  a  lighted  wax  can- 
dle plunged  into  it.  It  was  inftantly  extinguish- 
ed, as  in  elaftic  fluid  from  effervefcences  and 
reductions.  The  candle,  having  been  feveral 
times  lighted  anew,  it  was  conftantly  extinguifh- 
ed;  I  obferved,  however,  that  this  experiment 
could  not  be  fo  frequently  repeated  in  this  air, 
as  in  that  obtained  from  effervefcing  mixtures 
and  reductions  -,  which  induces  me  to  believe 
that  it  is  more  eafily  and  readily  mixed  with  the 
air  of  the  atmofphere  *, 


*  This  air  was  not  pure  fixed>  air,  but  common  air  in  g, 
#ate  of  dccompofition,  and  from  which  a  mare  of  its  fix* 
able  part  had  been  abforbed  by  the  phofphorus.     T.  H f 

P  d  2  EXPE- 
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EXPERIMENT    III. 

To  mix  a  Portion  of  Elastic  Fluid  from 
an  Effervescing  Mixture,  with  Air  in 
which  Phosphorus  has  been  burnt. 

I  HAD  the  curiofity,  relative  to  fome  views 
of  which  I  mall  give  an  account  another  time, 
to  obferve  whether  the  mixture  of  one-third  of 
elaftic  fluid  from  an  effervefcing  mixture,  would 
correct  the  air  which  had  been  employed  for  the 
burning  of  phofphorus,  and  reftore  to  it  the  pro- 
perty of  fupporting  flame.  A  narrow  jar  was 
filled  with  a  mixture  of  them,  and  a  candle  in- 
troduced into  it,  but  it  was  immediately  extin- 
guished. 


T    H    E 
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NUMBER    I. 

A         MEMOIR 

On   the   NATURE   of   the   PRINCIPLE 

WHICH  IS  COMBINED  WITH  METALS  DURING 

their  CALCINATION,  and  occasions  an 
INCREASE  in  their  WEIGHT  *. 

Read  before   the   Royal    Academy,  April  26th,   by 
M.  Lavoisier. 


D 


O  there  exift  different  fpecies   of  air? 
Is  it  fufricient  that  a  body  be  in  a  ftate 

of 


*  The  iiril  experiments  relative  to  this  memoir  have 
been  made  above  a  year  ago  ;  thofe  on  the  mercurius  pre- 
cipitatus  per  fe,  were  firft  tried  with  a  burning  glafs  in  the 
month  of  November  1774,  and  afterwards  made  with  all 
the  neceffary  precautions  and  care*  in  the  laboratory  of 
Montigny,  in  conjunction  with  M.  de  Trudaine  on  the 
28th.  of  February,  and  the  ift.  and  2d.  of  March  of  this 
year;  and  were  finally  repeated  again  the  31ft.  of  laft 
March,  in  prefence  of  M.  the  Duke  de  la  Rochefoucault, 
M.  de  Trudaine,  M.  de  Montigny,  M.  Macquer,  and 
M.  Cadet. 

Dd4 
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of  permanent  expanfibility  *  to  conftitute  a  fpe- 
cies  of  air  ?  And  laftly,  are  the  different  kinds 
of  air  which  nature  affords  us,  or  which  we  are 
able  to  form,  fubftances  diftind  of  themfelveSj 
Or  modifications  of  atmofpheric  air  ?  Such  are 
the  principal  queflions  which  appertain  to  the 
plan  which  I  propofed  to  myfelf  to  lay  before 
the  Academy:  but  the  time  devoted  to  our 
public  meetings  not  permitting  me  to  treat  any 
queftion  in  its  full  extent,  I  mail  confine  myfelf 
to  day  to  one  particular  cafe  only,  and  limit  my- 
felf to  fhew  that  the  principle  which  is  united  to 
metals  during  their  calcination,  which  increafes 
their  weight,  and  which  conftitutes  them  in  the 
ftate  of  a  calx,  is  neither  one  of  the  condiment 
parts  of  the  air,  nor  a  particular  acid  diffufed  iri 
the  atmofphere  *  that  it  is  the  air  itfelf  undivided* 
without  alteration,  without  decompoiition,  to 
fuch  a  degree,  that  if  after  having  been  engaged 

irt 

*  This  word  is  at  prefent  generally  received  among 
jphilofophers  and  chemifts,  fince  a  modern  author  has  efta- 
blifhed  the  meaning  of  it,  in  a  very  elaborate  article  replete 
with  views  the  moil  exteniive  and  new,  and  which  bear  in  e- 
very  part  the  mark  of  genius.  Vide  Encyclopedic,  Tome  VI* 
p.  274,  at  the  word  txpanfibilitL 
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in  this  combination^  it  be  fet  at  liberty,  it  is  fe- 
parated  more  pure,  more  refpirable,  if  I  may  be 
permitted  to  ufe  the  exprefiion,  than  the  air  of* 
the  atmofphere,  and  is  more  proper  to  fupport 
flame  and  the  combuftion  of  bodies. 

Most  of  the  metallic  calces  are  not  reduced, 
that  is  to  fay,  do  not  return  to  the  ftate  of  a  me* 
tal,  without  the  immediate  contact  of  charcoal, 
or  fome  other  fubftance  which  contains  what  is 
called  phlogifton  •,  the  charcoal  which  is  employ- 
ed is  wholly  deftroyed  in  this  operation,  when 
the  quantity  is  well  proportioned,  and  confe- 
quently  the  air,  which  is  feparated  in  metallic 
reductions  effected  by  charcoal,  is  not  a  fimplt 
being,  but  is,  in  fome  degree,  a  combination  of 
the  elaftic  fluid  feparated  from  the  metal,  and 
of  that  difcharged  from  the  charcoal.  There- 
fore becauie  this  fluid  is  obtained  in  the  ftate  of 
fixed  air,  we  have  no  right  to  conclude  that  it 
exifted  in  that  ftate,  in  the  metallic  calx,  previous 
to  its  combination  with  the  charcoal. 

These  reflections  made  me  fenfible  how  ef- 
fential  it  was  to  the  unfolding  of  the  rnyftery  of 

the 
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the  reduction  of  metallic  calces,  to  direct  all  my 
experiments  to  thofe  which  are  reducible  without 
addition.  The  calx  of  iron  afforded  me  this 
property ;  indeed,  of  all  thofe,  whether  natural 
or  artificial,  which  we  have  expofed  to  the  focus 
of  the  great  burning  glafs  belonging  to  M.  le 
Regent,  or  to  that  of  M.  de  Trudaine,  there 
was  not  one  but  what  was  thereby  totally  re- 
duced. 

In  confequence  of  this,  I  tried  to  reduce,  by 
the  afiiftance  of  a  burning  glafs,  feveral  kinds 
of  calces  of  iron,  under  large  glafs  receivers  in- 
verted into  mercury,  and  I  became  able  to  fepa- 
?ate  from  them,  by  this  means,  a  great  quantity 
of  air;  but  as  at  the  fame  time  this  air  was 
found  to  be  mixed  with  the  common  air  con- 
tained within  the  receiver,  this  circumftance 
threw  a  great  uncertainty  on  my  refults;  no 
proofs  to  which  I  fubmitted  this  air  were  per- 
fectly conclufive,  and  it  was  impoflible  for  me 
to  be  affured,  whether  the  phenomena  which  I 
obtained  depended  on  the  common  air,  on  that 
feparated  from  the  calx  of  iron,  or  on  the  com- 
bination of  the  two  together.     My  defign  not 

having 
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having  been  completed  by  thefe  experiments,  I 
fupprefs  the  detail  of  them  here  ;  they  will,  be- 
fides,  find  their  proper  place  in  other  memoirs. 

As  thefe  difficulties  depended  on  the  very  na* 
ture  of  iron,  on  the  refractory  quality  of  its 
calces,  on  the  difficulty  of  reducing  them  with- 
out addition,  I  confidered  them  as  infurmount- 
able,  and  I  believed,  from  this  time,  that  I  ought 
to  turn  my  attention  to  another  kind  of  calx 
which  would  be  more  eafily  managed,  and  which 
had,  like  the  calx  of  iron,  the  property  of  being 
reduced  without  addition.  The  mercurius  pre- 
tipitatus  per  fe,  which  is  nothing  more  than  a 
calx  of  mercury,  as  fome  authors  have  already 
advanced,  and  as  we  fhall  ftili  be  more  fully 
convinced  by  reading  this  memoir;  the  mercu- 
rius precipitatus  per  fe^  I  fay,  appeared  to  me 
proper  to  fulfil  completely  the  object  which  I 
had  in  view.  Indeed  it  is  at  prefent  known  that 
it  is  reducible,  without  addition,  in  a  very  mo- 
derate degree  of  heat.  Although  I  have  fre- 
quently repeated  the  experiments  which  I  am 
going  to  relate,  I  have  not  thought  it  proper  to 
give,  at  this  time,   a  detail  of  each  of  them  in 

particular, 
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particular,  for  fear  of  fwelling  this  memoir  too 
much,  and  I  have  thrown  together,  in  one  re- 
cital, the  circumftances  which  belong  to  feveral 
repetitions  of  the  fame  experiment. 

To  afiure  myfelf  at  firft,  whether  the  mercu- 
rius  precipitatus  per  fe  were  a  true  metallic  calx, 
whether  it  yielded  the  fame  refults,  the  fame 
fpecies  of  air  by  reduction,  I,  in  the  firft  place, 
tried  to  reduce  it  by  the  common  method,  or, 
to  ufe  the  reeeived  expreffion,  by  an  addition  of 
phlogifton. 

I,  accordingly,  mixed  an  ounce  of  this 
calx  with  forty-eight  grains  of  powdered  char- 
coal, and  introduced  the  whole  into  a  fmali 
glafs  retort,  the  utmoft  capacity  of  which  did 
not  exceed  two  cubic  inches,  and  I  placed  it  in 
a  reverberatory  furnace  proportioned  to  its  fize. 
The  neck  of  this  retort  was  about  a  foot  in 
length,  and  three  or  four  lines  in  diameter ;  it 
had  been  bent  in  different  places,  in  an  enamel- 
ler's  lamp,  and  its  extremity  was  fo  difpofed, 
that  it  could  be  brought  under  a  glafs  receiver, 
of  fufficient  dimenfions,  filled  with  water,  and 

inverted 
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inverted  in  a  ciftern  filled  with  the  fame.  This 
apparatus,  fimple  as  it  is,  is  the  more  exact  as 
it  has  neither  folder  nor  lute,  nor  any  paffage 
through  which  air  might  be  introduced  or  efcape. 

As  foon  as  the  fire  was  placed  under  the  re- 
tort, and  it  received  the  firft  impreffions  of  heat, 
the  common  air  which  it  contained  was  dilated, 
and  fome  little  of  it  paffed  into  the  receiver ;  but 
confidering  the  fmallnefs  of  the  void  part  of  the 
retort,  that  air  could  not  make  any  fenfible  er- 
ror ;  and  its  quantity,  reckoning  it  at  the  higheft, 
could  fcarcely  amount  to  a  cubic  inch.  As  foon 
as  the  retort  began  to  be  much  heated,  the  air 
was  feparated  with  much  rapidity,  and  mounted, 
through  the  water,  into  the  receiver.  The  ope- 
ration did  not  laft  above  three  quarters  of  an 
hour,  and  yet  the  fire  had  been  kept  low  during 
that  time.  When  the  whole  mercurial  calx  was 
reduced,  and  the  air  no  longer  continued  to  pafs, 
the  height  was  marked  at  which  the  water  flood 
in  the  receiver,  and  the  quantity  of  air  feparated 
was  found  to  be  fixty-four  cubic  inches,  without 
reckoning  the  portion   which   muft  neceflarily 

have 
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have   been   abforbed   by   the   water  in  paffing 
through  it. 

This  air  was  immediately  fubmitted  to  a  great 
number  of  trials,  the  detail  of  which  I  am  obli- 
ged to  fupprefs,  and  the  refults  were,  ift.  that  it 
was  fufceptible  of  being  combined  with  water 
by  agitation,  and  of  communicating  to  it  all 
the  properties  of  the  acidulous  or  aerial  waters, 
fuch  as  thofe  of  Seltzer,  Pougues,  Buflang  and 
Pyrmont,  &c.  2dly.  that  animals  plunged  into 
it  perifhed  in  a  few  feconds ;  3dly.  that  can- 
dles, and  all  combuftible  bodies  in  general, 
were  extinguimed  in  it  inftantly  ;  4thly.  that 
it  precipitated  lime-water ;  5thly.  that  it  very 
readily  combined  with  alkalis,  whether  fixed  or 
volatile ;  that  it  deprived  them  of  their  cauftici- 
ty,  and  gave  them  the  property  of  chryftallizing. 
All  thefe  qualities  are  precifely  thofe  of  that  fpe- 
cies  of  air,  known  by  the  name  of  fixed  or  me- 
phitic  air,  fuch  as  is  obtained  from  all  metallic 
cakes  by  the  addition  of  charcoal,  fuch  as  is  fe- 
pafated  from  effervefcing  and  fermenting  bodies, 
and  it  was  therefore  confirmed,  that  mercurius 

frecipitatm 
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precipitatus  per  fe  belonged  to  the  clafs  of  me- 
tallic calces. 


The  only  remaining  inquiry  was  to  examine 
this  calx  alone,  to  reduce  it  without  addition, 
to  fee  whether  it  yielded  any  air  by  that  method  ; 
and  fuppofing  that  it  did  yield  it,  to  determine 
in  what  eftate  that  air  might  be.  For  this  pur- 
pofe,  in  a  retort,  alfo,  of  two  cubic  inches  in  di- 
menfion,  an  ounce  of  mercurius  precipitatus  per  fe 
was  placed,  alone,  the  apparatus  was  difpofed  in 
the  fame  manner  as  in  the  preceding  experiment, 
and  I  fo  contrive4  that  all  the  circumftances 
mould  be  exactly  fimilar.  The  reduction  was 
accomplifhed  this  time  with  rather  more  difficul- 
ty than  by  the  addition  of  charcoal ;  it  required 
more  heat,  and  the  effect  was  not  fenfible  till 
the  retort  began  to  be  ilightly  red  hot;  the  air 
was  then  feparated  gradually,  and  palled  into 
the  receiver,  and,  by  keeping  up  the  fame  de- 
gree of  heat  for  two  hours  and  half,  the  whole 
of  the  mercury  was  reduced. 

/ 
The    operation    being   finimed    there  were 

found,  on  one  part,  in  the  neck  of  the  retort, 

and 
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and  in  a  glafs  vefifel  which  was  placed  beneath 
the  water  under  its  beak,  feven  ounces  eighteen . 
grains  of  mercury,  on  the  other  hand,  the  quan- 
tity of  air,  which  had  paffed  into  the  receiver 
was  found  to  be  feventy-eight  cubic  inches  ;  and 
therefore,  fuppofing  that  the  whole  lofs  of 
weight  ought  to  be  attributed  to  the  air,  each 
cubic  inch  mould  weigh  fomething  lefs  than  two 
thirds  of  a  grain,  which  does  not  differ  much 
from  the  weight  of  common  air. 

Having  thus  fixed  the  flrft  refults,  nothing 
now  remained,  but  to  fubmit  the  feventy-eight 
cubic  inches  of  air  which  I  had  obtained  to  all 
the  trials  proper  for  determining  its  nature,  and 
I  difcovered  with  much  furprize,  ift.  that  it  was 
not  capable  of  combination  with  water  by  agita- 
tion ;  2dly.  that  it  did  not  precipitate  lime- 
water  ;  3dly.  that  it  did  not  unite  with  fixed 
or  volatile  alkalis  •,  4thly.  that  it  did  not,  at  all, 
diminifh  their  cauftic  quality  •,  5thly.  that  it 
would  ferve  again  for  the  calcination  of  metals  i 
6thly.  that  it  was  diminifhed  like  common  air, 
by  addition  of  one-third  of  nitrous  air $  laftly, 
that  it  had  none  of  the  properties  of  fixed  air : 

far 
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far  from  teing  fatal,  like  it,  to  animals,  it  feem- 
ed,  on  trie  contrary,  more  proper  for  the  pur- 
pofes  of  refpiration  ;  candles  and  burning  bodies 
were  not  only  not  extinguished  by  it,  but  burned 
with  an  enlarged  flame  in  a  very  remarkable 
manner;  the  light  they  gave  was  much  greater 
and  clearer  than  in  common  air.  All  thefe  cir- 
curnftances  fully  convinced  me  that  this  air  was 
not  only  common  air,  but  that  it  was  even  more 
refpirable,  more  combultible,  and  confequently 
more  pure  even  than  the  air  in  which  we  live. 

It  feems  to  be  proved  from  hence,  that  the 
principle  which  combines  with  metals  during 
their  calcination,  and  which  occafions  the  aug- 
mentation in  their  weight,  is  nothing  but  an  ex- 
ceedingly pure  portion  of  the  air  which  furrounds 
us,  which  we  refpire,  and  which  pafles,  in  this 
procefs,  from  a  date  of  expanfibility  to  that  of 
folidity  :  if  then  it  be  obtained  in  the  ftate  of 
fixed  air  in  all  the  metallic  reductions  when 
charcoal  is  employed,  it  is  to  the  charcoal  that 
this  effect  fhould  be  attributed  ;  and  it  is  very 
probable  that  all  the  metallic  calces  would  yield 
only  common  air  if  we  could  reduce  them  all 
E  e  without 
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without  addition,    in  the  fame  manner   as  the 
mercurius  precipitatus  per  fe. 

Every  thing  which  I  have  faid  of  the  air 
from  metallic  calces,  may  naturally  be  applied 
to  that  which  is  obtained  from  nitre  by  detonna- 
tion  •,  it  is  known  from  feveral  experiments  al- 
ready publifhed,  moil  of  which  I  have  repeated, 
that  the  greater  part  of  that  air  is  in  the  ftate  of 
fixed  air,  that  it  is  mortal  to  animals  who  breathe 
it,  that  it  has  the  property  of  precipitating  lime- 
water,  of  uniting  alone  with  lime  and  alkalis, 
of  rendering  them  mild,  and  caufing  them  to 
cryftallize;  but  as,  at  the  fame  time,  the  deton- 
nation  of  nitre  does  not  take  place  without  the 
addition  of  charcoal,  or  of  fome  body  which 
contains  phlogifton,  it  is  very  probable  that  un- 
der this  circumftance  alfo  the  common  air  is  con- 
verted into  fixed  air*,  from  whence  it  fhould 
follow  that  the  air  combined  in  nitre,^  and  which 
produces  the  terrible  explofions  of  gun-powder, 
is  common  atmofpherical  air  deprived  of  its 
expanfibility. 


As  common  air  is  changed  into  fixed  air  when 

combined 
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combined  with  charcoal,  it  (hould  feem  natural 
to  conclude  that  fixed  air  is  merely  a  combina- 
tion of  common  air  and  phlogifton.  This  is 
Dr.  Prieftley's  opinion  *,  and  it  muft  be  granted 
that  it  is  not  improbable ;  however,  when  one 
defcends  to  a  detail  of  fads,  it  is  found  fo  fre- 
quently contradicted,  that  I  think  it  necefiary  to 
defire  philofophers  and  chemifts  to  fufpend  their 
judgment;  I  hope  foon  to  be  able  to  publifti 
the  motives  of  my  doubts. 


*  Dr.  Priestley  has,  certainly,  never  delivered  fuch 
an  opinion  as  M.  Lavoifier  here  afcribes  to  him.  His  doc- 
trine is,  that  every  diminution  of  common  air  is  produced 
by  phlogifton,  and  that  this  diminution  is  owing  to  the 
depofition  of  one  of  its  conflituent  parts,  viz.  that  princi- 
ple which  is  commonly  denominated  fixed  air.  But  he 
has  never  confidered  this  fixed  air  as  a  compound,  but  ra- 
ther as  an  elementary  body.     T.  H. 


E  e  2  N  U  M- 
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N.  U  M  B  E  R     II. 


An   ACCOUNT    of   Dr.   PRIESTLEY's 

OPINION  RELATIVE  TO  THE  PRINCIPLE 
WHICH  IS  COMBINED  WITH  METALS  DU- 
RING their  CALCINATION,  and  of  HIS 
DISCOVERY  of  DEPHLOGISTICATED 
AIR. 


IT  appears,  from  the  preceding  memoir,  that 
M.  Lavoifier  not  having  obtained  fatisfa&ory 
refults  from  his  experiments  on  the  calces  of  iron, 
had  recou rfe  to  mercurius  calcinatus  per  fe>  as  be- 
ing more  eafily  reducible  without  addition.  This 
fubftance  afforded  him  not  fixed,  but,  what  he 
imagined  to  be,  common  air,  in  a  ftate  rather 
more  pure  than  that  which  we  ufually  breathe ; 
and  this  circumftance  led  him  to  conclude,  per- 
haps too  hailily,  that  the  air  obtainable  from  all 
the  metallic  calces,  if  it  were  poffible  to  reduce 
them  without  addition,  would  be  of  the  fame 

kind, 
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kind,  and  that  the  fixed  air  which  is  produced 
from  reductions  in  the  common  method,  does 
not  proceed  from  the  calx  but  from  the  charcoal 
employed  in  the  procefs. 

Dr.  Priestley,  however,  differs  in  opinion 
from  his  ingenious  fellow  labourer  on  this  point. 
He  declares  that  feveral  of  the  metallic  calces 
yielded  fixed  air,  by  heat  only,  without  any  ad- 
dition of  charcoal,  when  expofed  to  the  action  of 
a  large  burning  lens  of  twelve  inches  diameter 
and  twenty  inches  focal  diftance. 

This  excellent  philofopher  alio,  from  whom 
M.  Lavoifier  feems  to  have  received  the  firft  idea* 
of  extracting  a  particular  kind  of  air  from  mer- 
curius  calcinatus,  has  extended  his  refearches 
much  farther  into  the  nature  of  the  air  obtained 
from  that  calx.  Thefe  inquiries  have  led  him 
to  difcoveries  and  reflections,  relative  to  the  na- 
ture and  compofition  of  atmofpheric  air,  of  the 
higheft  importance  to  phyfics,  and  Which  may, 
perhaps,  in  time,  prove  productive  of  confe- 
quences  the  moll  beneficial  to  mankind.  Having 
E  e  3  obtained 

*  See  Prieflley's  Experiments  and  Obfervations,  Vol,  II. 
page  36,  and  320. 
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obtained  air,  from  mercurius  calcinatus^  which 
was  not  abforbed  by  water,  and  in  which  a  can- 
dle burned  with  an  enlarged  rlame,  he,  at  firft5 
imagined  it  to  be  nothing  more  than  air  in  the 
fame  (late  to  which  he  had  formerly  brought  ni- 
trous air  by  expofing  it  to  iron  filings  or  liver  of 
fulphur,  and  he  little  fufpeclied  that  it  was  of 
that  fuperior  degree  of  purity  which  he  has  fince 
proved  it  to  pofTefs.  Fie  afterwards  procured 
air  of  a  fimilar  kind  from  common  red  precipi- 
tate^  and  fometimes,  but  not  uniformly,  even 
from  red  lead. 

By  a  gradual  train  of  experiments,  Dr.  Prieft- 
ley,  after  having  remained  for  feveral  months 
without  fufpicion  of  the  real  properties  of  this 
air,  difcovered  that  not  only  candles  burned  in 
it  with  a  more  vigorous  flame,  but  that  animals 
lived  in  it,  at  leaft,  three  times  as  long  as  in 
common  air,  and  that  when  they  were  with- 
drawn from  the  jar,  the  remaining  air  dill  conti- 
nued purer  than  that  of  the  atmofphere.  On 
trying  it  by  the  teft  of  nitrous  air,  he  found  it 
to  be  between  four  and  five  times  as  good  as  the 
air  we  breathe,  viz.  that  whereas  one  meafure 

of 
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of  nitrous  air  is  fufficient  to  produce  the  utmoft 
poffible  diminution  in  two  meafures  of  common 
air,  an  equal  quantity  of  this  purer  air  required 
more  than  four  meafures  to  effect  the  fame  dimi- 
nution. In  the,  courfe  of  his  experiments,  he 
arrived  at  the  power  of  procuring  air  even  purer 
than  this,  and  between  five  and  fix  times  as 
good  as  common  air.  This  property  of  abforb- 
ing  fo  large  a  proportion  of  nitrous  air,  he  judg- 
ed to  depend  on  its  being  capable  of  taking  more 
phlogifton  from  that  body,  as  originally  contain- 
ing lefs  of  this  principle,  and  he  confequently 
denominated  it  dephlogifticated  air. 

The  circumftance  of  the  red  precipitate^  or 
mer cur ius  corrqfivus  ruber ',  which  is  produced 
from  a  folution  of  mercury  in  nitrous  acid,  yield- 
ing dephlogifticated  air,  induced  Dr.  Prieftley 
to  conclude  that  the  properties  of  this  air  might 
depend  on  fomething  being  communicated  to  it 
by  the  nitrous  acid,  and  that  the  mercurius  cal- 
cinatus  had,  in  the  degree  of  heat  to  which  it  is 
expofed  in  its  preparation,  attracted  fomething 
nitrous  from  the  atmofphere.  He  was  foon  con- 
firmed in  this  opinion,  for  endeavouring  to  ex- 
E  e  4  traft 
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tract  air  from  fome  red  lead  which  had  been  re- 
cently prepared  and  afforded  it  but  in  fmall 
quantity,  he  was  defirous  of  bringing  it  to  that 
ftate  in  which  other  red  lead  had  yielded  it  plen- 
tifully ;  and  concluding  that  the  calx  niuft  im- 
bibe fome  kind  of  acid  jrom  the  air,  he  moiften- 
ed  three  feparate  half  ounces  of  the  frefh  pre- 
pared minium  with  each  of  the  three  mineral 
acids,  and  having  dried,  he  afterwards  expoled 
them  to  a  fufficient  degree  of  heat  in  a  gun-barrel 
to  which  a  fuitable  apparatus  was  affixed.  From 
the  parcels  moiftened  with  the  vitriolic  and  ma- 
rine acids  no  air  was  produced,  but  from  that 
to  which  the  nitrons  acid  had  been  added,  much 
air  was  obtained,  the  greateft  part  of  which  was 
fixed  air,  though  there  was  alfo  a  confiderable 
portion  of  the  dephlogifticated  fpecies.  In  this 
experiment  the  minium  had  been  repeatedly 
moiftened  with  nitrous  acid  and  dried  again,  but 
when,  afterwards,  it  was  only  once  moiftened 
with  that  acid,  though  lefs  air  was  obtained,  it 
proved  to  be  almoft  all  of  the  dephlogifticated 
kind,  and  was  about  five  times  as  pure  as  com- 
mon air. 


He 
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He  then  proceeded  to  try  different  fubftances, 
and  procured  dephlogifcicated  air  from  every 
kind  of  earth,  which  is  void  of  phlogifton,  made 
into  a  pafte,  as  above,  with  fpirit  of  nitre.  The 
metallic  earths,  in  this  ftate,  and  chalk,  appear- 
ed to  be  the  beft  adapted  to  this  purpofe.  When 
thefe  fubftances  had  yielded  all  the  dephlogifti- 
cated  air  that  could  be  extracted  from  them, 
they  would  again  afford  as  much  as  at  firft,  on 
being  moiftened  with  frefh  fpirit  of  nitre,  and 
the  procefs  might  be  repeated  till  all  the  earthy 
matter  be  exhaufted. 

From  hence  Dr.  Prieftley  was  led  to  conclude 
"  that  atmofpherical  air,  or  the  thing  that  we 
breathe,  confifts  of  the  nitrous  acid  and  earth, 
with  fo  much  phlogifton  as  is  necefTary  to  its 
elafticity,  and  likewife  fo  much  more  as  is  re- 
quired to  bring  it  from  its  ftate  of  perfect  purity 
to  the  mean  condition  in  which  we  find  it." 

Dephlogisttcated  air  does  not  only  fupport 
the  lives  of  animals  confined  in  ir,  and  the  flame 
of  burning  bodies  more  powerfully  than  common 
air,  but  alfo  conveys  founds  with  greater  force. 

An 
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An  explofion  of  two  thirds  of  inflammable  air 
mixed  with  rather  more  than  one-third  of  de- 
phlogifticated  air,  feemed  to  be  forty  times  loud- 
er than  when  made  with  two  thirds  of  atmo- 
fpherie  air. 

Dr.  Priestley  has,  with  great  reafon,  form- 
ed very  high  expectations  of  the  falutary  and 
ufeful  purpofes  to  which  this  pure  air  may  be 
applied,  and  feems  to  think  that,  in  time,  it  may 
even  become  a  fafhionable  article  of  luxury. 
"  Hitherto,"  fays  he,  "  only  two  mice  and  my- 
felf  have  had  the  privilege  of  breathing  it." 

By  thefe  extracts  which  Doctor  Prieftley 
(with  that  friendly  difpofition  and  that  defire  of 
contributing  to  the  improvement  of  fcience, 
which  fo  remarkably  diftinguifh  him)  has  per- 
mitted me  to  make  from  his  recent  and  very  va- 
luable publication,  it  appears  that  he  thinks, 
contrary  to  the  opinion  of  M.  Lavoifier,  as  ad- 
vanced in  the  laft  article,  that  the  principle  im- 
bibed by  metals  during  their  calcination,  and 
which  conftitutes  the  increafe  in  their  weight,  is, 
in  ibme  inftances,  fixed  air,  and  in  others  nitrous 

acid, 
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acid,  attracted  by  them  from  the  common  air  in 
which  they  are  calcined. 

It  alfo  appears  that  this  philofopher,  inftead 
of  regarding  atmofpheric  or  common  air  (when 
free  from  the  foreign  matters  which  are  always 
fuppofed  to  be  dififolved,  and  intermixed  with  it) 
as  a  fimple  elementary  fubftance,  confiders  it  as  a 
mixture  of  feveral  principles  capable  of  decom- 
pofition;  and  that  he  has  difcovered  a  method 
of  compounding  common  refpirable  air,  by  ad- 
ding to  dephlogifticated  air  fuch  a  quantity  of 
phlogifton  as  reduces  it  to  the  ftate  in  which  we 
generally  find  the  atmofphere  furrounding  the 
planet  which  we  inhabit. 

It  has  been  feen,  page  409,  that  M.  Lavoi- 
fier  having  embraced  the  hypothefis  of  common 
air  being  converted  into  fixed  air  by  combining 
with  phlogifton,  imagined  it  probable  that  in 
the  detonnation  of  nitre  or  of  gun-powder,  a 
converfion  of  the  common  into  fixed  air  might 
refult  from  the  charcoal  which  is  necefTary  to 
produce  the  explofion.  From  nitre,  heated  in  a 
giafs  veiTel,  Dr.  Prieftley  procured  very  pure 

dephlo- 
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of  brimftonc  and  nitre  yielded  air   which  was 

h:g..'v  r.::."0.:5.  :::;.  ;.s  :>.f  ;.:::  ;..::e  of  n:::e  and 
charcoal  is  nitrous  air,  he  concludes  that  this 
kind  of  air  is  alio  produced  in  the  explofion  of 
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FIRST       PART. 


A. 


yzCIDS,  in  what  their  antifeptic  virtue  confiftsj  Page  £7. 

Acid,  nitrous,  the  quantity  of  air  produced  by  its  combi- 
nation with  antimony,  16.  abforbed  by  its  combination 
with  pit  coal,  ibid,  produced  by  its  combination  with 
iron,  ibid,  abforbed  by  its  combination  with  marcaffites, 
ibid,  the  combination  of  the  air  with  its  vapours,  18. 
its  mixture  with  iron  in  vacuo,  29.  its  mixture  with  oil 
of  carraways  in  vacuo,  ibid,  its  combination  with  the 
fixt  alkali  in  vacuo,  48. 

Acidum  pingue,  what,  64  &  feq.  Unites  with  lime  by 
heat,  66.  with  oils  and  fulphur,  &c.  ibid,  &  feq.  caufes 

an 
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an   eftervefcence    when    it    evaporates   from   lime,    90. 
caufticity  of  alkalis  deftroyed  by  its  evaporation,  89. 

Acid,  vitriolic,  the  quantity  of  air  produced  and  abforbed 
by  its  combination  with  fal  ammoniac,  15.  of  air  pro- 
cured by  its  mixture  with  oil  of  tartar,  29. 

Air,  antifeptic,  whence  it  acquires  that  property,  215. 

artificial  of  Boyle,  difengaged  from  vegetables  by  fer- 
mentation, 9.  accelerates  fermentation  under  fome  cir- 
cumftances,  but  retards  it  in  others,  10.  is  fatal  to  ani- 
mals, ibid, .  is  not  always  the  fame  procured  from  dif- 
ferent fubftances, 

Air,  common,  or  atmofpheric,  its  diminution  limited,  2 1 . 
enters  into  the  composition  of  bodies,  26,  118.  is  the 
cement  by  which  they  are  held  together,  26,  47.  how  it 
exiffo  in  bodies,  72.  we  are  but  acquainted  with  few  of 
its  properties,  95.  a  true  folvent,  96.  its  elafticity  not 
a  certain  chara&eriftic,  ibid,  its  mixture  with  cauftic  al- 
kalis does  not  give  them  the  property  of  effervefcing, 
103.  its  gravity  not  always  in  proportion  to  the  diminu- 
tion of  its  bulk,  133.  is  partly  abforbed  by  boiling  wa- 
ter, 173..  the  properties  of  the  remainder,  174.  maybe 
kept  a  long  while  confined  without  alteration,  ibid,  is, 
according  to  Moniieur  Baume,  identic,  210.  diffolves 
oily  fubftances,  211.  is  equally  a  folvent  for  a  great 
number  of  fubftances,  216  &  feq. 

Air  corrupted  by  the  putrefaction  of  animal  fubftances, 'its 
diminution,  142.  precipitates  lime-water,  143.  the 
means  to  render  it  wholefome,  145.  its  mixture  with 
the  air  from  the  detonnation  of  nitre,  147.  with  fixed 
air,  148. 

Air, 
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Air,  fixed,  its  definition  according  to  Dr.  Black,  39.  its 
combination  with  lime  forms  calcareous  earth,  40.  its 
affinity  to  different  fubftances,  42.  may  be  united  with 
metals  in  their  precipitation  from  acids,  45.  extinguifhes 
flame,  47.  is  difengaged  from  putrefying  fubftances,  51. 
reftores  to  cauftic  alkalis  the  property  of  effervefcence,  52. 
cryftallizes  alkalis,  53.  enters  into  the  compofition  of 
flefh,  ibid,  fvveetens  putrid  flefh,  54.  the  application  of 
its  theory  to  the  phenomena  of  digeilion,  ibid,  in  what 
it  differs  from  atmofpheric  air,  55.  is  found  abundantly 
in  the  atmofphere,  56.  when  refpired,  is  fatal  to  ani- 
mals, 59.  water  with  which  it  is  combined,  ibid,  (fee 
its  properties  under  the  article  Water  impregnated  with 
fixed  air)  it  unites  with  fpirit  of  wine  and  oils,  58.  the 
quantity  difengaged  from  calcareous  earth  by  calcina- 
tion, 71.  the  name  of  fixed  air  improper,  114.  the  air 
in  the  wells  at  Utrecht  is  in  a  fixed  ftate,  118.  is  found 
over  fermenting  beer,  122.  combines  with  the  fumes  of 
fulphur  and  refins,  125.  does  not  mix  with  the  fmoke  of 
burning  wood,  124.  does  not  incorporate  with  the  fmoke 
of  gun-powder,  ibid,  extinguishes  lighted  candles  and 
coals,  is  not  entirely  abforbed  by  water,  ibid,  its  effect 
.on  a  mixture  of  iron  and  fulphur,  127.  upon  ani- 
mals, ibid,  upon  vegetables,  129.  is  difengaged  from 
chalk  by  calcination,  130.  that  procured  from  wood 
Contains  fome  inflammable  air,  ibid,  its  combination 
with  inflammable  air,  138.  with  nitrous  air,  154.  con- 
tains no  acid,  175.  the  quantity  of  it  contained  in  the 
fprings  of  London,  174.  effects  of  wafhing  it  in  rain 
water,  173,    Reflections  of  Monfieur  Rouelle  upon  that 

difcharged 
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difcharged  from  bodies,  191.  this  air  is  in  a  ftate  of  fo- 
lution  in  water  impregnated  with  fixed  air,  198.  it  is 
favourable  to  vegetation,  ibid,  its"  common  properties 
with  atmofpheric  air,  202.  its  compreffibility,  206.  its 
weight,  ibid,  that  difcharged  by  fermentation  the  fame 
as  that  from  effervefcence,  ibid,  its  properties,  207. 
does  not  change  the  colour  of  fyrup  of  violets,  206.  its 
mixture  with  wine,  207.  that  feparated  by  effervefcence 
is  not  inflammable,  ibid,  in  what  that  from  effervefcence 
differs  from  common  air,  ibid,  difengaged  by  effervef- 
cence carries  along  with  it  different  fubftances  which  it 
holds  diffolved,  211.  is  the  fame  whether  procured  from 
chalk,  fixed  or  volatile  alkalis,  or  fermentation,  205. 
properties  of  this  laft  fort,  206.  procured  from  fermen- 
tation carries  along  with  it  different  fubftances  which  it 
holds  in  a  ftate  of  fclution,  212.  according  to  Monfieur 
Baume,  is  atmofpheric  air  differently  modened,  210. 
impropriety  of  its  name,  ibid.  See  Water  impregnated 
with  fixed  air,  Air  feparated,  and  Elaftic  fluid. 

Air  in  which  candles  have  burned,  its  diminution  in  bulk, 
131.  the  bounds  of  its  diminution  proportionable  to  the 
fize  of  the  receiver,  132.  precipitates  lime-water,  ibid. 
its  effect,  upon  animals,   134. 

Air  in  which  fpirit  of  wine  or  ^ther  has  burned,  precipi- 
tates lime-water,  132. 

Air  in  which  coals  have  burned,  diminifhes  one-tenth  of 
its  bulk,  162.  the  effecl:  does  not  take  place  when  the 
coal  has  been  perfectly  calcined,  ibid,  precipitates  lime- 
water,  extlnguifhes  flame,  and  is  fatal  to  animals,   164. 

its 
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its  mixture  with  nitrous  air,  164.  is  not  then  fufceptible 
of  further  diminution,  ibid.  See  alfo  Vapour  front 
burning  coal. 

Air  in  which  fulphur  has  burned,   130.    diminution  of  its  . 
bulk,    131.    the  bounds  of  its   diminution,    132.    it  is 
proportioned  to  the  iize  of  the  receiver,  .ibid,    its  effect 
upon  animals,  134. 

Air  in  which  a  mixture  of  iron  filings  and  brimflone  ha£ 
ftood,  149.  its  diminution,  150.  does  not  precipitate 
lime-water,  ibid,    its  effecl  upon  animals,   151* 

Air  in  which  metals  have  been  calcined,  164.  its  diminution 
in  bulk,  165.  is  fatal  to  animals,  ibid,  does  not  effervefce 
with  nitrous  air,  ibid. 

Air  feparated,  11.  Dr.  Hales's  method  of  meafuring  it, 
12.  his  experiments  on  a  great  number  of  fubftances^ 
1 3  &  feq.  its  fpecific  gravity  to  that  of  tartar,  20.  it 
may  be  united  with  water,  22.  its  filtration  through 
flannels  foaked  in  fait  of  tartar,  24.  does  not  differ,  ac- 
cording to  Dr.  Hales,  from  atmofpheric  air,  23.  tlie 
opinion  of  Boerhaave  on  air  feparated  from  bodies,  2f. 
a  defcription  of  his  apparatus,  28,  his  experiments  upon 
different  fubftances,  29. 

Air  feparated  by  erfervefcence,  68.  the  effecl  of  that  fe- 
parated from  the  detonnation  of  nitre  upon  inflammable 
bodies,  and  upon  animals,  173.  air  difcharged  from 
bodies  is  in  two  ltates,  viz.  fixed  and  inflammable,  194. 
carries  with  it  different  fubftances,  which  it  holds  dif- 
folved,  212. 

jlir  difcharged  from  metallic  folutions,  is  not  mifcible  with 
wate?,  206.    does  not  combine  with  lime  or  cauftic  alka- 

F  f  ». 
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lis,  ibid,   in  what  it  differs  from  atmofpheri'c  air,  207. 
experiments  upon  that  feparated  from  ircm  by  the  vitrio- 
lic acid,  ibid. 
Air  feparated  from  a  metallic  folution  by  the  fpirit  of  fait, 
63  and  167.   is  eafily  abforbed  by  water,   168.   renders 
lime  water  turbid  without  precipitating  it,  ibid,    this  air 
is  nothing  but  the  fpirit  of  fait  in  vapour,   169.    its  gra- 
vity,. 170.   its  mixture  with  the  vapours  of  fpirit  of  wine 
and  oil,     &c.    yields   inflammable    air,    ibid,     decom- 
pofes  faltpetre,  ibid,   it  is  abforbed  by  almoft  all  liquors, 
171. 
4ir  from  putrefaction,  that  feparated  from  putrid  vegetables 
is  moilly  inflammable,  140.    particular  circumftances  re- 
lating to  that  feparated  from  cabbage  by  fermentation, 
147.   how  that  from  putrid  animal  matters  is  obtained, 
146.   a  part  of  it  may  be  abforbed  by  water,  the  reft  is 
.  inflammable,  ibid. 
Air  inflammable,  135.   means  to  obtain  it,  136.   it  may  be 
procured  in  a  greater  or  lefs  degree  from  the  fame  body, 
according  to   the    circumftances  of  the  operation,   ibid. 
it  penetrates  veffels,  137.   means  to  keep    it,  ibid,  its 
Combination   with  water,  ibid,    cannot   entirely  be  ab- 
forbed by  water,    ibid,     what    remains    unabforbed  is 
more  inflammable,    ibid,    particular  circumftances  con- 
cerning that  procured  from  wood,  ,138.   its  effects   upon 
animals,  ibid,   its  combination  with  different  airs,   139. 
will  not  unite  with  acids,  ibid,   its  mixture  with  nitrous 
air,   137.    the  quantity  of  it    afforded  by   every  metal, 
159.    metals  will  not  calcine  in  this  air,  158.    it  may  be 
procured  from  a  folution  of  iron  by  the  fpirit  of  fait, 
(  163. 
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163.  experiments  on  that  feparated  from  putrid  animal 
fubflances,  194.  refle&ions  of  Monf.  Rouelle  on  inflam- 
mable air,  196  &  feq.  it  is  Monf.  Baume's  opinion- 
relative  to  it,  213. 

Air  Nitrous,  the  means  to  obtain  it,  151.  its  mixture  with 
common  air,  152.  its  diminution ;  to  what  it  ought  to 
be  attributed,  ibid,  its  mixture  with  different  kinds  of 
air,  154.  its  combination  with  water,  155.  the  effect 
of  a  mixture  of  iron  filings  and  brimftone,  156.  its  mix- 
ture with  inflammable  air,  157.  a.  lingular  phenomenon 
relative  to  its  fpecirlc  gravity,  158.  its  effect  upon  vege- 
tables, ibid,  its  antifeptic  virtue,  ibid,  the  effects  of  the 
calcination  of  metals  upon  nitrous  air,  ibid. 

Air  from  fermentation,  172.  its  effects  on  inflammable 
bodies,  and  upon  animals,  ibid. 

Air  in  which  animals  have  breathed,  its  combination  with 
inflammable  air,  139.  its  effect  upon  other  animals,  140, 
it  precipitates  lime  water,  141.  it  may  come  into  con- 
tact with  water  without  being  abforbed,  142.  its  affinity 
to  air  in  which  animals  have  putrified,  ibid. 

Aliments,  the  caufe  of  their  corruption,  according  to  Van 
Helmont,    7.     experiments  upon  alimentary    mixtures, 

54- 
Alkalis  Fixedy  their  combination  with  diflilled  vinegar  and 
oil  of  vitriol,  29.  how  lime  renders  them  cauftic,  ac- 
cording to  Dr.  Black,  40.  their  mixture  with  the  nitrous 
acid  in  vacuo,  48.  they  cryftallize  when  they  contain  a 
fufficient  quantity  of  fixed  air,  52.  thjs  quantity  of  air 
they  contain,  60.  they  decompofe  lime  according  to  Mr. 
F  f  2  Meyer, 
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Meyer,  65.  fubmitted  to  the  apparatus  of  Dr.  Macbride, 
they  increafe  in  weight,  92.  they  will  not  boil  in  the 
vacuum  of  an  air  pump,  105.  the  air  feparated  from 
them  is  the  fame  as  that  from  chalk  and  fermenting  fub- 
fiances,  204  and  205.  their  properties,  205.  their  cry- 
ftallization  obferved  by  Monf.  Duhamel  in  1747,  180. 
alkali's  fixed  cauitic,  do  not  effervefce  with  acids,  ac- 
cording to  Doctor  Black,  39.  cannot  be  cryfl:allized5 
ibid*  according  to  M.  Crans  they  do  effervefce  with 
acids,  83.  by  the  apparatus  of  Dr.  Macbride  they  re- 
cover their  properties  of  effervefce  nee,  41  and  89  &  feq. 
theory  of  the  phenomena  they  produce,  j6.  their  ebul- 
lition in  vacuo,  j 05.  their  increafe  of  weight  according 
to  Dr.  Macbride,  91.  the  vapoars  from  fermenting 
fubftances  reftore  to  them  the  properties  of  effervefcence 
and  cryftallization,  107  &  feq.  the  vapours  from  putre- 
faction partly  produce  the  fame  effects,  no  and  in. 
the  effects  of  Gravefand's  condenfer  upon  them,  106. 
their  property  of  not  effervefcing  comes,  according  to 
Mr.  Smeth,  from  fome  additional  fubfiance,  107.  their 
mixture  with  common  air  does  not  give  them  the  proper- 
ty of  effervefcence,  106.  but  that  on  the  contrary  which 
has  paffed  through  burning  coals  does,  119. 
Alkalis  Volatile,  how  lime  renders  them  cauftic  according 
to  Dr.  Black,  41.  the  air  which  refuks  from  their  com- 
bination with  vinegar  does  not  exxinguifh  flame,  48, 
in  what  ftate  thofe  are  which  are  feparated  from  animal 
matters,  58.  the  quantity  of  air  they  contain,  61.  they 
decompofe  lime  according  to  Mr.  Meyer,  65 .  they  in- 
crease in  weight  in  the  apparatus  of  Dr,  Macbride,  91. 

they 
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they  do  not  boil  in  vacuo,  104.  the  air  procured  from 
them  is  the  fame  as  that  feparated  from  calcareous  earth, 
iixt  alkalis,  and  fermenting  fubftances,  204  and  205. 
their  properties,  206.  the  effects  of  their  vapours  upon 
animals,   172. 

Alkalis  Volatile  Cauftic,  acquire,  in  the  apparatus  of  Dr. 
Macbride,  the  properties  of  effervefcence,  90.  they  in- 
creafe  in  weight,  91.  their  ebullition  in  vacuo,  104. 
the  emanations  from  effervefcence  and  fermentation  give 
them  the  properties  of  effervefcence  and  cry  utilization, 
108.  the  vapours  from  putrefaction  partly  produce  the 
fame  effects,  in.  common  air  admitted  to  them  does 
Hot  give  them  the  property  of  effervefcence,  ibid,  the 
effect  of  Gravefand's  condenfer  upon  them,  106.  their 
quality  of  effervefcence  comes,  according  to  Mr.  Smeth., 
from  fome  additional  fuhftance,  106.  the  air  which 
paffes  through  burning  coals  reitores  to  them  the  proper- 
ty of  effervefcence,   119* 

Amber  diminifhes  the  air  in  which  it  burns,  n.  the  quan- 
tity of  air  difengaged  from  it  by  difliliation,  13.  fome 
inflammable  air  is  feparated  by  the  fame  operation,  24. 

Antimony -,  the  quantity  of  air  feparated  from  it  by  diftilla- 
tioi,  14.  the  quantity  of  air  difengaged  from  its  com- 
bination with  aqua  regia,  16.  the  quantity  of  air  dis- 
charged by  its  mixture  with  the  nitrous  acid,  ibid. 

Apparatus  of  Dr.  Macbride,  52.  Monf.  Cran's  experi- 
ments with  it,  88.  Monf.  Bucquet's  improvements  of 
it,  204. 

Apples  >  the  quantity  of  air  feparated  from  them  by  fermen- 
tation, 14* 

F  f  3  Afiringents* 


43S  I    N    D    E     X. 

Aftringents,  their  antifceptic  virtue,   116. 

Augmentation,  in  weight  of  phofphorus,  97. 

Aurum  Fulminans,  the  caufe  of  its  detonnation,  45.  . 

Aqua  Regia,  the  quantity  of  air  produced  by  its  combina- 

tion  with  antimony,  16.    by  its  combination  with  gold, 

ibid. 


B. 


Bdume  Monf.  his  appendix  upon  fixed  air,  208.  obferves 
that  it  enters  into  the  compofition  of  bodies,  209.  that 
air  is  identic,  210.  that  it  difiblves  oily  matters,  211. 
when  it  is  difengaged  from  bodies  it  carries  with  it 
different  fubftances,  which  it  holds  diftblved,  ibid,  that 
air  feparated  from  effervefcence  and  fermenting  fubftances 
is  of  this  kind,  212.  common  air  contains  an  oily  fub- 
ftance  highly  rectified,  213.  the  calcination  of  metals  is 
effected  by  depriving  them  of  phlogifton,  214.  the  re- 
duction of  metallic  calces  by  the  vapours  of  liver  of  ful- 
phur,  ibid,  whence  fixed  air  acquires  its  antifeptic  vir- 
tues, 215.  fixed  air,  according  to  Monf.  Baume,  no- 
thing but  common  air,  differently  modified,  216.  that  it- 
is  a  folvent  of  many  fubftances,  217. 

Beer,  the  quantity  of  air  difengaged  from  it  by  fermenta- 
tion, 14.  its  fermentation  122;  for  the  effefts  of  the  air 
which  it  feparates,  fee  the  article  of  fixed  air. 

Bile  contains  no  fixed  air,  56.  the  volatile  alkali  which 
it  feparates  when  putrid,  does  not  effervefce  with  acids. 


s* 
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Black  Dr.  profeffor  of  phyfic  in  the  univeriity  at  Glafcow ; 
his  opinion  on  the  reduction  of  calcareous  earth  into 
quick-lime,  39.  his  theory  upon  caufticity  in  general,  40. 
upon  that  of  fixed  and  volatile  alkalis,  41.  the  affinity 
of  fixed  air  with  lime  and  alkalis,  44.  procefs  to  obtain 
lime  by  the  moifl  method,  42.  why  all  the  lime  is  not 
foluble  in  water,  43.  he  obferves  that  magneiia  fweet- 
ens  lime-water,  44.  fuppofes  that  fixed  air  unites  itfelf 
to  metals,  45.  that  from  this  caufe  comes  the  fulmina- 
tion  of  gold,  ibid,  a  contrary  opinion  to  his  fupported 
by  Mr.  Meyer,  63. 

Blood  its  craifamentum  contains  fixed  air,  but  the  ferum 
is  deftitute  of  it,  55.  the  quantity  of  air  feparated  from 
that  of  a  hog  by  diftillation,  13.  the  volatile  alkali  from 
it  by  putrefaction,  effervefces  with  acids,  59. 

Boerhaave  his  opinion  upon  air  feparated  from  bodies,  27. 
a  defcription  of  his  apparatus,  29.  his  experiments  up- 
on crab's  eyes  diflblved  in  diitilled  vinegar,  ibid,  his  ex- 
periments upon  the  combination  of  oil  of  tartar,  with 
the  fame  acid  and  the  vitriolic  acid,  ibid,  his  experiments 
upon  the  folution  of  iron  in  the  nitrous  acid,  ibid,  the 
great  quantity  of  air  difengaged  from  the  fmoaking  fpirit 
of  nitre  and  oil  of  carraways,  ibid,  particulars  upon 
fermentation,  putrefaction,  diftillation  and  combuftion, 

30- 
Boyle  gives  the  name  of  artificial  air  to  that  feparated  from 
bodies,  9.  repeats  a  part  of  the  experiments  of  Van 
Helmont  in  vacuo,  and  in  the  open  air,  10  and  11.  he 
repeats  them  in  a  more  condenfed  air  than  that  of  the  at- 
mofphere,  and  in  artificial  air,  ibid,  fays  that  fixed  air 
Ff4  differs 
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differs  from  that  of  the  atmofphere,  ibid,  proves  its  'effetfE 
upon  animals,  'ibid,  relates  that  the  burning  of  fome.  bo- 
dies dimmifhes  the  bulk  of  the  air,  ibid. 

\Bones,  calcined,  the  quantity  feparated  from  them  by  dif- 
tillation.  With  fea  fait,  14*  the  quantity  of  air  difengaged 
from  them  by  their  diftiilation  with  nitre,  ibid, 

vBucqueiy  Monfieur\  his  memoir  upon  air  feparated  from  bo- 
dies, 203.  makes  improvements  upon  Dr.  Macbride's 
apparatus,  204.  thinks  that  air  feparated  from  chalk 
and  fixt  alkalis,  and  that  from  fermentation  are  the  fame, 
205.  the  properties  of  this  air,  ibid,  its  fpecific  gravity, 
207.  air  feparated  from  metallic  folutions,  206.  the 
combination  of  air  from  effervescence  with  wine,  207. 
air  from  effervefcence  is  not  inflammable,  ibid,  the  dif- 
ference between  common  air,  and  air  from  effervefcence* 
from  fermentation,  and  from  metallic  fblutions,  ibidi. 


Calcareous  earth,  what  it  is  according  to  Dr.  Black,  39; 
lofes  one  half  of  its  weight  by  calcination,  40.  its  folu- 
tion  in  the  nitrous  acid,  and  its  precipitation,  42.  it 
haftens  putrefaction,  57.  its  folution  in  water  impreg- 
nated with  fixed  air,  61.  its  nature  before  calcination, 
64.  it  lets  much  water  efcape  during  calcination,  65. 
it  is  neutralized  in  the  fire  by  the  acidum  pingue,  ac- 
cording to  Mr.  Meyer,  ibid*  the  properties  which  this 
acid  communicates  to 'it,  ibid,  its  calcination  in  clofe 
V-effels,  71.    it  feparates  a  great  quantity  of  elaltic  fluid, 

ibid. 
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ibid,  how  much  air  it  contains,  72.  does  not  become 
lime  but  by  privation  of  its  fixed  air,  ibid,  experiments 
upon  the  air  which  is  feparated  from  it  by  calcination,  73. 
this  air  is  the  fame  as  that  from  alkalis  and  fermentation, 

2O5. v 

Calcareous  ftone,  vid.  calcareous  earth i 

Calces  metallic,  the  air  contributes  to  their  increafe  of  weight, 
25. 

Calcination  of  metals  in  nitrous  air,  158.  the  fame  in  dif- 
ferent kinds  of  air,  166.  how  the  calcination  of  metals 
takes  place,  214. 

Camphor  diminiihes  the  bulk  of  air  in  which  it  burns,  11. 
is  foluble  in  lime-water,  82.  the  eifecl:  of  its  vapour  up-* 
on  animals,   173. 

Candles  lighted,  the  quantity  of  air  they  abforb,  18. 
this  abforption  is  limited,  21.  vid.  air  in  which  candles 
have  burned. 

Cavendijh  Mr.  his  experiments  upon  the  quantity  of  air 
contained  in  fixt  and  volatile  alkalis,  61.  upon  the 
q'uantity  of  fixed  air  water  can  abforb,  ibid,  difcovers 
that  water  impregnated  with  fixed  air,  will  diffolve  cal- 
careous earth,  and  iron,  62.  that  fixed  air  may  unite 
with  fpirit  of  wine  and  oils,  63.  the  effec~l  of  burn- 
ing coal  upon  the  air,  ibid,  air  produced  by  the  fpirit  of 
fait,  ibid. 

Cau/licity,  what,  67. 

Chalk,  the  quantity  of  air  produced  by  its  combination 
with  diftilled  vinegar,  29.  the  feparation  of  its  fixed  air 
by  cajcination,   130.   vid.  calcareous  earth. 

Che?n[fts 
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Chemifis  French,  their  works  fay  little  on  the  combination 
and  fixation  of  air  in  bodies,  pag.  2. 

Coal,  the  effect  of  its  burning  upon  the  air,  63,    ■ 

Coals  burning,  a  fubftance  efcapes  from  fomething  iimilar 
to  the  Gas  of  Van  Helmont,  6.  how  much  of  this  fub- 
ilance  they  contain,  ibid,  the  effects  which  it  produces 
upon  the  air,  161.  vid.  air  in  which  coals  have  burned, 
they  do  not  diminifh  in  weight  when  burned  under  a  re- 
ceiver,  1-62. 

Coed  pit,  the  quantity  of  air  feparated  from  it  by  diftilla- 
tion,  15.  the  quantity  of  air  abforbed  by  its  combina- 
tion with  aqua  fortis,   16. 

Combujlion,  diminution  of  the  air  occasioned  by  it,  17.  the 
caufe  of  it  from  Dr.  Hales,   25. 

Count  de  Saluces,  his  experiments  on  the  elaftic  fluid  which 
is  feparated  from  gun-powder,  46.  the  difference  be- 
tween this  fluid  and  common  air,  47.  the  means  to  give 
it  all  the  properties  of  common  air,  47.  his  experiments 
upon  air  from  effervefcence,  48.  combines  the  nitrous 
acid  with  fixt  alkali  in  vacuo,  ibid,  obferves  that  nitre 
does  not  cryflallize  without  an  admiffion  of  air,  ibid. 
fires  powder  in  noxious  air,  49.  the  phcenomena  of  the 
pulvis  fulminans  are  derived  from  the  fixed  air,  ibid,  his 
opinion  on  the  nature  of  different  airs,  ibid. 

Crabs  eyes,  difiblved  in  vinegar  the  quantity  of  air  produ- 
ced by  this  combination,  29. 

Crans  teaches  in  Germany  the  doctrine  of  M.  Meyer, 
77.  fays  that  lime  lofes  a  considerable  quantity  of  its 
weight  in  the  fire,  78.    lime  effervefces  with  acids,  yg. 

expofed 
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expofed  to  the  open  air  becomes  more  cauftic,  ibid. 
objections  againft  the  fyftem  of  Dr.  Black,  upon 
the  phenomena  arifing  from  the  extinction  of  lime, 
80.  the  heat  which  he  obferves  during  the  folutidn  of 
lime  by  fpirit  of  nitre,  ibid,  folution  of  lime  in  wa- 
ter, ibid,  cremor  calcis  what,  and  how  formed,  81. 
every  p'art  of  lime  is  not  foluble  in  water,  ibid,  the -ef- 
fects of  lime-water,  82.  neutral  falts  are  lefs  cauftic 
than  the  fubftance  from  which  they  are  formed,  ibid. 
the  folution  of  calcareous  flone  may  be  made  with  or 
without  effervefcence,  83.  cauftic  alkalis  effervefce  with 
acids,  ibid,  the  precipitation  of  lime-water  by  air  fepa- 
rated  by  effervefcence,  ibid,  the  folution  of  calcareous 
earth  in  acids  is  often  made  without  lofs  of  weighty  $6 
the  volatile  alkali  of  fal  ammoniac  by  lime,  87.  rela- 
tion of  experiments  in  the  apparatus  of  Dr.  Macbride, 
90. 

Cremor  calcis,  what,  43.  the  conversion  of  lime  into  cream, 
ibid,  why  it  is  infoluble  in  water,  ibid,  lime  in  this 
ftate  is  a  true  calcareous  earth,  ibid. 

Crift alligation  of  falts,  cannot  be  effected  in  vacuo,  48. 

Crocus  martis  expofed  to  the  vapour  of  liver  of  fulphur 
turns  black,   191. 


J>. 


Detonnatiou  of  nitre,  the  quantity  of  air  produced  by  it,   16. 
Digeftioii,  Van  Helmont's  fyftem  of,  7.   the  application  of 

the 
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the  theory  of  fixed  air,  to  the  explanation  of  the  pheno- 
mena of  digeftion,  ibid. 

Difea/es,  epidemic,  caufes  of  their  propagation,  8. 

■  putrid,  attributed  to  a  privation  of  fixed  air  in  the 

humours,  56. 
Duhamely  Monfieur,  his  experiments  upon  lime,  176.  ob- 
ferves  that  white  marble  lofes  about  a  third  of  its  weight 
by  calcination,  178*  that  the  lime-Hones  of  Courcelle  lofe 
a  little  lefs  than  half  of  their  weight,  ibid,  when  expofed 
to  the  air  they  regain  a  part  of  their  weight,  ibid,  de- 
termines the  quantity  of  water  necefiary  to  extinguiih  a 
given  quantity  of  lime,  179.  he  fuppofes  lime-ftone 
contains  a  little  fpirit  of  fait,  1 80. 


E. 


Ebullition  of  caullic  alkalis  in  vacuo,  104. 

Bffervefcences,  are  occafioned,  according  to  Van  Helmont, 
by  the  feparation  of  gas,  6.  the  definition  of  that  word, 
5 .  it  may  be  procured  at  pleafure  from  efFervefcence,  or 
From  the  folution  of  calcareous  earth  in  acids,  83. 

Elafiicity,  is  an  equivocal  character  of  air,  96. 

Emanations  from  efFervefcence,  their  efFe&s  upon  alkalis, 
108.  in  what  they  differ  from  common  air,  in.  are 
antifeptic,  116.     See  Fixed  Air. 

Emanations,  elaftic,  have  but  few  of  the  common  proper- 
ties of  air,  96. 

Emanations  from  burning  coals,  precipitate  lime-water,  and 
give  to  cauflk  alkalis  the  properties  of  efFervefcence,  1 19. 

JEther* 
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either,  the  air  in  which  it  has  burned  precipitates  lime- 
water,   132. 
Extinction  of  lights  under  a  receiver,  its  caufe,   134. 


Fermentation   produces    an   elaflic  vapour   called   by   Van 

Kelmont  gas,  5.    produces  much  air,  according  to  Mr. 

Boyle,  9.    fpirit  of  wine  retards  it,   10.   this  experiment 

in  air  more  condenfed  than  that  of  the  atmofphere,  ibid. 
Fermentation  of  beer,  air  feparated  from  it,   122.     See  al fo 

Fixed  Air. 
Fluid,  elaflic,  produced  by  effervefcence,  extinguishes  flame, 

48.     See  Fixed  Air  and  Elaflic  Emanations. 
Fluid,  elaflic,  feparated  from  the  pulvis  fulminans  and  from 

gun-powder,  49.     See  Fixed  Air,  Elaflic  Emanations, 

Gun-powder,  and  Pulvis  Fulminans. 


G. 


Gas,  circumflances  in  which  it  is  feparated  from  bodies,  6. 
what  are  the  fubflances  that  contain  it,  ibid,  the  appli- 
cation of  its  theory  to  the  principal  phenomena  of  the 
animal  ceconomy,  7.  Van  Helmont's  opinion  upon  the 
nature  of  it,  6  and  7.  it  is  the  caufe,  according  to  him, 
of  the  propagation  of  epidemic  difeafes,  8.  how  many 
kinds  of  it,  5. 

Gold,  the  quantity  of  air  produced  by  its  folution  in  aqua 
regia,  16. 

Grotto 
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Grotto  delle  Cani,  tlie  phenomena  occasioned  by  its  gas,  6. 

Gun-powder,  feparates  an  elaftic  fubftance  during  its  explo- 
iion,  called  by  Van  Helmont  gas,  6.  the  air  difcharged 
from  it  during  its  inflammation  affords  particular  phe- 
nomena, io.  Count  de  Saluce's  experiments  on  this 
fluid,  46.  it  is  the  fame  as  atmofpheric  air,  ibid, 
burns  equally  in  all  kinds  of  air,  47. 


II- 


Hales,  Dr.  his  experiments  upon  air  contained  in  bodies, 
and  upon  the  quantities  feparated  from  them,  11.  his 
experiments  upon  the  diftillation  of  vegetables,  13.  upon 
the  diftillation  of  minerals,  14.  upon  fermentation,  ibid. 
upon  the  combination  and  folution  of  bodies,  15  and  16. 
upon  inflammable  bodies,  17.  on  the  refpiration  of  ani- 
mals, 18.  difcovers  the  exigence  of  air  in  acidulous 
waters,  19.  he  fhews  it  in  the  nitrous  axid,  ibid,  in 
nitre,  20.  in  tartar,  ibid,  he  attributes  to  this  air  the 
effects  of  the  pulvis  fulminans,  ibid,  determines  the  fpe- 
cific  gravity  of  the  air  feparated  from  tartar,  21.  his 
obfervations  upon  the  abforption  of  air  by  burning  of 
candles,  and  by  the  refpiration  of  animals,  2 1 .  his  ob* 
fervations  upon  the  diminution  of  the  bulk  of  air  which 
has  paused  through  water,  22.  upon  air  in  which  fulphur 
has  burned,  23.  tries  to  re-eltabliih  air  to  its  natural 
ftate  by  filtration,  24.  his  obfervations  on  inflammable 
air,  ibid,  his  opinion  on  the  combination  of  air  in  me- 
tallic calces,  25.  he  obferves  that  the  burning  of  phof- 

phorus 
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phorus  diminishes  the  bulk  of  air,  ibid,  that  air  is  ne- 
ceffary  for  the  cryftallization  of  falts,  25.  that  fermenta- 
tion produces  and  abforbs  air,  ibid,  he  thinks  that  air 
is  the  bond  of  union,  and  the  cement  by  which  bodies 
are  held  together,  26. 

Hatter,  his  opinion  on  the  fixation  of  air  in  bodies,  50. 

Hartjhorn-,  the  quantity  of  air  feparated  from  it  by  diftilla- 
tion,   13. 

Honey ,  the  quantity  of  air  difetigaged  from  it  by  diflillation, 

Human  calculus,  the  quantity  of  air  difcharged  from  it  by 
diftillatiorf,   13. 


I. 


Iron,  its  combination  with  the  nitrous  acid  in  vacuo,  29. 
difTolves  in  water  impregnated  with  fixed  air,  62.  its 
calx  expofed  to  the  vapour  of  the  liver  of  fulphur  takes 
a  black  colour,  191.  the  quantity  of  air  produced  by  its 
folution  in  the  nitrous  acid,  16.  its  combination  with 
fulphur  diminiihes  air,  ibid,  its  mixture  with  fulphur  in 
air  already  diminifhed  by  burning  candles,  by  putrefac- 
tion, &c.  149.  the  fame  in  inflammable  air,  ibid,  the 
fame  in  nitrous  air,  156. 


j- 


Jacquin,  Monf.  Profeflbr  at  Vienna,  his  refutation  of  the 
do&rine  of  Mr.  Meyer,  70.   he  remarks  that  lirne-ftone 

lofes 
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lofes  near  one  half  of  its  weight  by  calcination,  71.  he 
calcines  it  in  clofe  veffels,  ibid,  obferves  a  feparation  of 
elaftic  fluid,  ibid  his  thoughts  upon  the  manner  in  which 
air  exifts  in  bodies,  72.  his  obfervations  on  the  folution, 
of  lime  in  water;  73.  upon  its  extinction,  74.  upon  the 
cremor  calcis,  ibid,  upon  air  from  efrervefcence,  76. 
his  theory  on  cauiHc  alkalis,  74.  his  procefs  for  making 
lime  by  the  moift  way,  j6. 


Lead,  furnimes  a  little  air  by  diftillation,  25. 

Lime,  the  quantity  of  air  abforbed  by  its  combination  with 
fal  ammoniac,  17.  by  its  mixture  with  vinegar,  16. 
caufes  of  its  caulticity,  40.  combined  with  alkalis  be- 
comes calcareous  earth,  41.  why  it  is  not  entirely  folu- 
ble  in  water,  43.  it  decompofes  animal  matters,  58. 
it  is,  according  to  Mr.  Meyer,  a  calcareous  earth  neu- 
tralized by  the  acidum  pingue,  65.  its  decompofition 
by  alkalis,  66.  calcareous  earth,  according  to  Mr. 
Jacquin,  becomes  lime  in  proportion  to  the  feparati- 
on of  elaftic  fluid,  72.  its  folution  in  water,  73.  its 
extinction,  ibid,  it  is  not  lefs  lime  after  its  extin&ion 
than  before,  75.  the  elaftic  fluid  feparated  from  it  during 
this  operation  is  water  reduced  into  vapours,  78.  eifer- 
vefces  with  acids,  according  to  Mr.  Crans,  79.  keeps 
in  the  air  and  becomes  more  cauftic,  ibid,  phenomena 
of  its  extinction,  80.  diflblves  with  heat  in  the  nitrous 
acida  ibid,   its  folution  in  water,  and  cryftallization,  82. 

it 


INDEX,  449 

it  is  not  entirely  foluble  in  water,  81.  the  decompofition 
of  fal  ammoniac  by  it,  87.  Quick  lime  increafes  in 
weight  in  the  air,  98.  extinguifhed  in  the  air  and  fufl 
fered  to  remain  during  a  long  interval  of  time,  when 
diflilled  does  not  yield  any  elaflic  fluid,  100.  it  holds 
obflinately  fomething  from  the  atmofphere,  101.  extin- 
guifhed and  re-calcined  it  acquires  a  new  weight  from 
the  air,  .102.  quick  lime  owes  to  water  only  the  increafe 
of  weight  it  receives  from  the  air,  ibid,  the  weight  it 
gets  from  the  air,  ibid,  it  preferves  obftinately  the  water 
which  it  abforbs  during  extinction,   179. 

Lime-water,  its  properties,  82.  di/ToIves  fulphur,  camphor 
and  refins,  ibid,  its  combination  with  the  vapours  from 
efFervefcence,  fermentation  and  putrefaction,  no.  air 
which  has  paffed  through  burning  coals  precipitates  the 
lime  from  it,   1 19. 

Liver  of  fulphur,  the  vapour  which  arifes  from  its  decom- 
polition  by  acids  is  inflammable,  191.  this  vapour  unites 
difficultly  with  water,  192.  is  dangerous  to  men,  ibid, 
it  reduces  metals  to  the  ftate  of  a  calx,  without  fire  and 
phlogifton. 


M. 


Macbride,  Dr.  finds  that  fixed  air  is  feparated  from  putrid 
matters,  51.  combines  fixed  air  with  lime  and  alkalis, 
52.  his  apparatus  to  combine  fixed  air  with  different 
fubftances,  ibid,  finds  that  fixt  alkalis,  when  fufficiently 
furnifhed  with  it,  cryftallize,  53.  that  cauftic  alkalis 
acquire  the  properties  of  efFervefcence  by  combination 
G  g  with 
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with  fixed  air,  ibid,  that  fixed  air  enters  into  the  compo- 
sition of  fTeih,  54.  when  applied  to  putrid  flefh,  re- 
stores it  to  a  wholefome  ftate,  ibid,  his  application  of  the 
theory  of  fixed  air  to  the  phenomena  of  digeftion,  ibid, 
and  55.  he  mews  that  fome  of  the  animal  fecretions  con- 
tain fixed  air,  whilft  others  are  deftitute  of  it,  55  and 
56.  his  experiments  upon  alimentary  mixtures,  56.  his 
reflections  upon  the  fea  fcurvy  and  putrid  difeafes,  ibid. 
upon  the  antifeptic  power  of  acids,  57,  his  experiments 
on  feptic  and  antifeptic  fubftances,  58.  upon  the  de- 
compolitioji  of  foap,  ibid,  upon  the  abforption  of  fixed 
air  by  ardent  fpirits,  ibid,  his  examination  into  the  ftate 
of  alkalies  generated  by  the  putrefaction  of  animal  mat- 
ters, 59.  fixed  air  is,  according  to  him,  different  from 
common  air,  ibid. 

Magnejia,  or  the  bafis  of  Epfom  fait,  has  many  of  the  pro- 
perties of  calcareous  earths,  40. 

Marble,  lofes  weight  by  calcination,  178.  fee  calcareous 
earth  and  fione. 

Marcajite,  the  quantity  of  air  abforbed  by  its  folution  in 
aqua,  forti,    16. 

MeyerWlr.  his  chemical  trials  on  quick-lime,  63.  eftablifhes  a 
doctrine  contrary  to  Dr.  Black,  64,  his  opinion  on  the  pro- 
perties of  calcareous  earth  before  calcination,  ibid,  thinks 
that  lime  is  neutralized  in  the  fire,  by  an  acid  with  which 
it  is  combined  during  calcination,  65.  his  theory  on  the 
decompofition  of  lime  by  alkalies,  66.  the  acidum.. 
pingue  is  the  acid  which  neutralizes  lime,  ibid,  it 
is    difperfed   indifferently    through    nature,    ibid,    exa- 

men 
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men  of  its  combination  with  different  bodies,  6j,    lime 

by  the  moift  way,  ibid. 
Mines,  accidents  occafioned  in  them,  by  gas,  6, 
Minium  furnifhes  a  little  air  by  diftillation,  25. 


N. 


Nitre,  the  quantity  of  air  feparated  from  it  by  diftillation 
with  calcined  bones,  14.  contains  much  air,  19.  air  h 
sieceflary  for  the  formation  of  its  cryftals,  48, 


O. 


Oak,  the  quantity  of  air  difcharged  from  it  by  diftillation* 

*3- 

Oil  abforbs  fixed  air,  63. 

Oil  of  annifeed,  the  quantity  feparated  from  it  by  diftilla- 
tion,  13. 

Oil  of  carraways,  irs  combination  with  the  fmoaking  fpirit 
of  nitre  in  vacuo,  29. 

Oil  olive,  the  quantity  of  air  procured  from  it  by  diftilla- 
tion, 13. 

Oil  of  tartar,  its  combination  with  diftilled  vinegar,  and 
with  the  vitriolic  acid,  29. 

Oyjler-Jhelh,  the  quantity  of  air  feparated  from  them  by  di- 
ftillation. 13.  inflammable  air  is  feparated  by  the  fame 
operation,  24.  the  quantity  of  air  produced  by  their  fcv- 
lution  in  vinegar,  15. 

Gg2  Paracelfosy 
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Paracelfus,  his  opinion  upon  the  elaftic  emanations  dif- 
charged  from  bodies ;  he  thinks  they  are  atmofpheric  air, 
the  fame  that  we  refpire,  page  4. 

Peas,  the  quantity  of  air  feparated  from  them  by  diftillation, 
13.    they  furnifh  inflammable  air,  24. 

Phofphorus  of  Kunkel,  the  quantity  of  air  abforbed  by  its 
combulHon,   17. 

Phofphorus  of  Romberg,  increafes  in  weight  by  burning,  97. 
it  is  water  that  gives  the  increafe  of  weight  during  and 
after  combuflion,    98. 

Prieftley  Dr.  publifhed  at  the  end  of  the  year  1772  a  treatife 
on  different  kinds  of  air,  1 20.  fays  that  it  exifts  always 
in  a  great  quantity  over  tubs  of  fermenting  beer,  122. 
that  this  air  is  nearly  equiponderable  with  atmofpheric  air, 
1 24.  it  extinguishes  live  coals,  ibid,  mixes  with  the  fumes 
of  gun-powder,  ibid,  it  may  be  combined  with  the  vapour 
of  water,  of  fulphur,  and  refins,  125.  he  gives  diffe- 
rent methods  of  impregnating  water  with  fixed  air,  1 26. 
a  mixture  of  iron  and  brimflone  under  a  receiver  filled 
with  fixed  air,  127.  water  impregnated  with  fixed  air, 
its  properties,  128.  the  effect  of  fixed  air  upon  animals, 
129.  its  efFe£l  upon  vegetables,  ibid,  the  calcination  of 
chalk  in  a  gun-barrel,  130.  he  finds  that  air  in  which  can- 
dles have  burned  diminifhes  about  a  fifth  of  its  bulk,  131. 
the  diminution  is  very  little  when  the  receiver  is  plunged 

in 
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In  mercury,  ibid,    air  in  which  candles  have  burned,  or 
in  which  fpirits  of  wine  or  ether  have  burned,  preci- 
pitates lime  water,   132.    air  which  has  ferved  for  burn- 
ing becomes  lighter,    133.    cauf&  of  the    extinction  of 
candles    in  clofe  veffels,  ibid*   the  dilatation  occafioned 
by  the  heat  is  not  fufficient  to  explain   this  phenomena, 
134..  -air  in  which  candles  have  burned  is  not  noxious  to 
animals,  ibid,  method   to  obtain  inflammable  air,    135. 
it  is  obtained  belt  by  a  briHc  heat  and  ftrong  effervefcence, 
136.    this  air  unites  difficultly  with  water,   137.    about  a 
third  part  is  abforbed  by  water,  the  reft  is  common  air, 
ibid,    inflammable  air  drawn   from  oak,   138.   its  effects 
upon  animals  and  vegetables,  ibid,    its  combination  with 
different  kinds  of  air,   139,    its  mixture  with  acids,  ibid, 
the  properties  of  air  in  which  animals  have  breathed, 
140.    it  precipitates  lime  water,   141.    has  a  near  affinity 
with  air  difcharged   by    animal  putrefaction,    142.    the 
diminution  of  air  by  the  refpiration  of  animals,  and  by 
animal  putrefaction,  ibid,   air  feparated  from  the  putre- 
faction of  animal  matters,   143.    air  from  vegetable  pu- 
trefaction,  147.    means  to  reftore  putrid  air  to  a  ftate  of 
falubrity,  ibid,   agitation  in  water  is  a  fure  means  of  re- 
ftoring  putrid  air,   148.    the  diminution  of  air  by  a  mix- 
ture of  iron  filings  and  brimftone,   149.    air  fo  diminifh- 
ed  does  not  precipitate  lime  water,   150.    a  mixture  of 
iron  filings  and  brimftone  in  air  already  diminifhed,  ibid. 
means  to  obtain  nitrous  air,  151.  its  effervefcence  with 
common  air,  and  the  diminution  which  refults  from  it, 
152.   the  mixture  of  nitrous  with  different  kinds  of  aif, 
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153.  its  mixture  with  water,  154.  the  mixture  of  £aU 
phur  and  iron  filings  in  nitrous  air,  156.  the  mixture  of 
nitrous  with  inflammable  air,  157.  nitrous  air  is  nearly 
of  an  equal  weight  with  that  of  the  atmofphere,  158. 
its  efFe£l  upon  vegetables,  ibid,  the  calcination  of  metals 
in  nitrous  air,  ibid,  a  table  of  the  quantities  of  inflam- 
mable air  drawn  from  metals,  159.  the  diminution,  in 
balk,  of  the  air  which  has  pafTed  through  burning  coals, 
160.  this  diminution  ceafes  when  the  coals  are  very  much 
burned,  162.  air  in  which  coals  have  burned  precipi- 
tates lime  water,  163.  the  coal  in  this  experiment  lofes 
none  of  its  weight,  164.  the  efFecl:  of  air  in  which  coals 
have  burned  upon  animals  and  inflammable  bodies,  ibid. 
the  diminution  of  air  in  which  metals  have  calcined,  ibid. 
this  air  does  not  precipitate  lime  water,  165.  the  calci- 
nation of  metals  in  different  airs,  ibid,  explanation  of 
the  diminution  of  air  from  the  addition  of  phiogifton, 
\66.  the  eifecls  of  a  paint  made  of  white  lead  and  oil, 
164.  air  drawn  from  fpirit  of  fait,  167.  the  means  to 
obtain  it,  ibid,  precipitates  lime  water  168.  its  combi- 
nation with  water,  ibid,  what  it  is,  169.  its  mixture 
\vith  the  vapour  of  fpirit  of  wine  and  oils  produces  in- 
flammable air,  170.  it  decompofes  faltpetre,  ibid,  the 
fermentation  of  beer  produces  air,  then  abforbs  it,  172. 
it  extinguifhes  candles,  ibid,  mixt  with  four  times  its 
quantity  of  fixed  air,  the  refuh'  is  wholefome  air,  173. 
the  air  from  the  detonnation  of  nitre  is  not  noxiou>  to  ani- 
mals, ibid,  a  candle  burns  in  it,  ibid,  the  fumes  of 
camphor  and  the  volatile  alkali  are  not  fatal  to  animals, 
ibid,   boiling  water  abforbs  common  air,  ibid,  the  efFec*l 
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of  the  remaining  portion  of  it  on  candles  and  vegetables, 

174.  the  quantity  of  air  contained  in  well-water,  ibid, 
air  does  not  alter  by  being  kept  clofe  for  a  long  time, 
ibid,  water  impregnated  with  fixed  air,  does  not  acquire 
any  acid  from  the  ingredients  with  which  it  is  prepared, 

175.  grows  turbid  by  a  folution  of  foap  and  facharum 
faturnr,  ibid,    effect  of  fixed  air  in  clyfters,  ibid. 

Putrefa&ion  of  animal  matters  feparates  fixed  air,  51.     • 
Putrid  flefh,  the  volatile  alkali,  generated  by  it,  does  not 
effervefce  with  acids,  59. 


R. 


Reduction  of  metallic  calces  by  the  vapour  of  the  liver  of 
fulphur,  214. 

Refins  diffolve  in  lime  water,  82. 

Refpiration  of  animals,  the  quantity  of  air  abforbed  by  it, 
18.    this  abforption  is  limited  19. 

Rouelle  Monf.  his  differtation  on  fixed  air,  181.  obferves 
that  water  impregnated  with  it  diflblves  iron,  183.  water 
impregnated  with  the  vapour  of  liver  of  fulphur  does  not 
difTolve  iron,  191.  crocus  martis  expofed  to  this  vapour 
grows  black,  192.  the  vapour  from  hepar  fulphuris  is 
inflammable,  ibid,  water  abforbs  it  with  difficulty,  193. 
his  obfervations  on  inflammable  air,  drawn  from  a  folu- 
tion of  iron  by  fpirit  of  fait,  194.  this  air  communicates 
to  water  a  fulphureous  odor,  ibid,  he  fays,  that  air  fepa- 
rated  from  bodies  is  in  two  Hates,  viz.  fixed  and  inflam- 
»able,  195*  remarks,  that  thefe  two  airs  may  be  found 
G  g  4  in. 
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in  mineral  waters,  196,  that  noxious  vapours  are  equal- 
ly of  two  forts,  197.  that  fixed  air  is  in  a  flate  of  combi- 
nation with  water,  198.  his  conjectures  upon  vegeta- 
tion, ibid,  his  obfervations  on  inflammable  vapours, 
199.  upon  thofe  which  extinguiih  lights,  and  are  fatal 
to  animals,  ibid,  the  vapour  of  liver  of  fulphur  is  noxi- 
ous, 200.  the  common  properties  of  fixed  air  with  com- 
mon air  202. 


3, 


Sal  Ammoniac,  the  quantity  of  air  produced  and  abforbed 
by  its  combination  with  the  vitriolic  acid,  15.  the  quan- 
tity of  air  abforbed  by  its  combination  with  lime,  17. 
its  decompofition  by  lime,  ibid,  this  fait,  according  to 
Mr.  Crans,  contains  much  air,  87. 

Saliva  does  not  contain  fixed  air,  but  on  the  contrary  ab- 
forbs  it,  56. 

Salt,  fea,  and  calcined  bones,  the  quantity  of  air  procured 
from  them  by  diftillation,   14. 

Sea  fcurvy  attributed  to  a  privation  of  fixed  air  in  the  hu- 
mours,  56. 

secretions,  animal,  feme  contain'  fixed  air,  and  others  are 
deftitute  of  it,  55. 

Smeth,  Monfieur  de,  publifhed  in  -Oclober  1772,  a  DiiTer- 
tation  on"  Fixed  Air,  94.  he  thinks  we  are  acquainted 
with  but  few  of  its  properties,  95.  fays  that  elafdc  va- 
pours from  bodies  have  nothing  in  common  with  air, 
bat  elailkity  and  gravity,  and  are  eflbntially  different- 
ia 
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in  many  other  properties,  96.  that  air  is  a  folvent,  ibid. 
he  obferves  that  phofphorus  gains  weight  in 'burning,  97. 
that  lime  from  expofure  gains  weight,  98.  when  ex- 
tinguifhed  and  diftiiled  does  not  feparate  an  elaftic 
fluid,  99.  that  it  retains  after  diftillation  as  well  as  be- 
fore, a  part  of  the  matter  that  it  attracts  from  the  atmof- 
phere,-  101.  the  increafe  of  weight  is  owing  to  water  dif- 
perfed  in  the  atmofphere  which  it  abforbs,  102.  bethinks 
it  is  the  fame  with  phofphorus,  ibid,  he  obferves  that 
the  volatile  cauftic  alkali  boils  of  itfelf  and  without  heat,, 
under  the  receiver  of  an  air  pump,  104.  that  it  is  the 
fame  with  the  fixt  cauftic  alkali,  105.  iixt  alkalis  ca 
the  contrary  do  not  ihevv  this  phenomenon,  ih$4»  that 
air  introduced  to  cauftic  alkalis  does  not .  give  them  the 
properties  of  effervefcence,  106.  that  caaitic  alkalis  fuf- 
fer  no  change  in  Gravefand's  condenfer,  107.  from 
whence  he  concludes  that  the  caufticity  of  alkalis  comes 
more  from  an  additional  fubftance,  than  from  any  innate 
quality,  ibid,  he  fubflitutes  a  new  apparatus  to  that 
of  Dr.  Macbride,  ibid,  makes  it  appear  that  the  vapours 
from  efrervefcenee  and  fermentation,  give  to  cauftic  al- 
kalis the  properties  of  effervefcence  and  cryftallization, 
no.  thofe  from  putrefa&ion  have  the  fame  properties, 
111.  he  fays,  the  afore-named  vapours  differ  from  at- 
mofpheric  air,  ibid,  that  they  extinguifh  flame,  and  are 
fatal  to  animals,  ibid,  that  they  ftop  the  progrefs  of  pu- 
trefaction, U2.  that  their  elafticity  is  net  conftant,  113. 
that  they  are  more  fubtle  than  air,  ibid,  he  thinks  thefe 
fubftanccs  were  known  long  fmce  to  chemifts,  under  dif- 
ferent names,   1 14.    that  they  do  not  exift  in  bodies  from 

which 
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which  they  efcape,  ibid,  he  divides  them  into  different 
claffes,  115.  he  affigns  their  difference,  ibid,  his  thoughts 
on  the  antifeptic  quality  of  air,  116.  he  advances  we  are 
ignorant  of  the  mode  of  action  of  antifeptics,  ibid,  proves 
that  air  from  the  wells  at  Utrecht  is  fatal  to  animals, 
118.  that  it  precipitates  lime  water,  ibid,  that  the  water 
at  the  fame  time  is  wholefome,  119.  that  air  which  has 
paffed  through  burning  coals  is  in  the  fame  ftate,  ibid. 

Soapy  its  decompofition^  58. 

Spirit  of  wine  abforbs  fixed  air,  63.  is  antifeptic,  116. 
air  in  which  it  has  burned  precipitates  lime  water,   132. 

Spiritus  filveftris  of  paracelfus,  4. 

Stalh,  his  opinion  on  the  fixation  of  air  in  bodies,  3.2.  is 
unacquainted  with  Dr.  Hales's  experiments,  ibid. 

Stone  lime,  its  folution  in  acids,  83.  does  not  always  lofe  weight 
in  this  operatipn,  86.  lofes  weight  by  calcination,  87. 
Monf.  Duhamel  fuppofes  it  contains  marine  acid,   180. 

Suet,  the  quantity  of  air  feparated  from  it  by  diftillation, 

13- 

Sulphur  diminifties  the  bulk  of  air  in  which  it  burns,   11. 

the  quantity  of  air  abforbed  by  its  combination  with 
iron,  16.  this  abforption  is  limited,  21.  diffolves  in 
lime  water,  82.  its  vapour  combined  with  fixed  air,  125. 
for  its  mixture  with  iron,  fee  iron  ;  on  its  combuftion, 
fee  air  in  which  candles  or  fulphur  have  burned. 
Sweat,  contains  much  air,  56. 


Tartar 
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T. 

Tartar  contains  a  great  quantity  of  gas,  6.   contains  much 
air,  20.   the  quantities  feparated  from  it  by  diftillation, 

Tobacco,  the  quantity  of  air  feparated  from  it  by  diflilla- 
tion,   13. 

U. 

Urine  contains  much  air,  55. 


Van  tlelmont,    his  opinion  upon  elaflic  vapours,  4.   giveg 

•  them  the  name  gas,  5.  what  are  the  circumftances  in 
which  they  are  feparated  from  bodies,  ibid,  what  fub- 
ftances  contain  them,  6.  his  application  of  the  theory  of 
gas  to  the  phenomena  of  the  animal  ceconomy,  7.  the 
nature  of  gas,  8.  caufes  of  the  propagation  of  epidemic 
difeafes,  ibid. 

Vegetation  of  plants  reftores  putrid  air  to  a  ftate  of  falubrity, 
148. 

Venel  Monf.  mews  that  the  waters  called  acidulous  are  nei* 
ther  acid  nor  alkaline,  34.  that  we  may  feparate  air 
from  thefe  waters  by  agitation,  by  heat,  and  by  the  air 
pump,  ibid,    methods  to  imitate  them,  37. 

Vinega? 
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Vinegar  diftilled,  the  quantity  of  air  produced  by  its  com- 
bination with  oil  of  tartar,  29.  the  fame  by  its  mixture 
with  crabs  eyes,  ibid,  by  its  combination  with  quick 
lime,  16. 


W. 


Water  abforbs  fixed  air,  but  not  totally,  22.  it  abforbs 
inflammable  air  by  a  very  ftrong  agitation,  137.  abforbs 
a  part  of  air  feparated  .from  putrid  animal  matters,  141. 
abforbs  nitrous  air  155.  the  quantity  neceflary  to  ex- 
tinguifh  a  given  quantity  of  lime,   179. 

Water  boiling  abforbs  common  air,   173. 

Water  impregnated  with  fixed  air,  diflblves  calcareous  earth, 
zinc,  and  iron,  128.  means  to  obtain  it,  125.  grows 
turbid  by  a  folution  of  foap  or  facharum  faturni,  128. 
the  air  in  it  is  in  a  Hate  of  folution,   198. 

Water  impregnated  with  the  vapour  of  liver  of  fulphur  does 
not  difTolve  iron,   190. 

Water  Seltzer,  is  an  aerial  acidulous  water,  35. 

Water  well  contains  much  air,  174, 

Waters  acidulous  contain  air,  19.  are  neither  acid  nor  al- 
kaline, 34.  air  may  be  feparated  from  them  by  agita- 
tion, and  by  the  air  pump,  ibid,  method  to  make  artifi- 
cial acidulous  waters,  37. 

Waters  mineral,  may  be  divided  into  two  clafTes,  the  firil 
comprehends  thofe  which  contain  fixed  air,  the  fecond 
tbofe  which  contain  inflammable  air,   196. 

Wax  feparates  inflammable  air  by  dilHIlation,  241. 

"  Wax 
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Wax  yellow,  the  quantity  of  air  feparated  from  it  by  diftil- 
lation,  13. 

White  Lead,  mixed  with  oil,  diminiihes  the  bulk  of  air  in 
which  it  is  fhut  up  in  the  fame  manner  that  the  calcina- 
tion of  metals  does,  164.  fee  the  calcination  of  metals. 

Wine,  its  combination  with  fixed  air,  207. 


Zinc  diflblves  in  water  impregnated  with  fixed  air,  6S, 
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SECOND      PART, 


A. 


JliciD  nitrous,  its  fpeciiic  gravity,  222.  the  proportion 
neceffary  to  diffolve  a  given  quantity  of  lime,  233.  the 
neceffary  proportion  to  diffolve  a  given  quantity  of  fpar, 
note  of  page  253.  quantity  neceffary  to  diffolve  a  given 
portion  of  foda,  256.  the  proportion  neceffary  to  fatu- 
rate  a  given  quantity  of  the  volatile  alkali,  270.  what 
is  neceffary  to  diffolve  a  certain  portion  of  iron,  293. 

^aVphofphoric,  means  to  obtain  it  in  a  concrete  form,  383. 
the  quantity  obtained  is  heavier  than  the  quantity  of  phof- 
phorus  employed  to  form  it,  385.  how  much,  ibid,  the 
confequence  of  allowing  the  increafe  of  weight  from  wa~ 
ter,  386. 

Air 
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Air  Atmofpheric,  its  weight  reduced  to  a  cubic  foot,  229. 
the  fame  weight  reduced  to  a  cubic  inch,  237.  259. 

Air  fixed,  fee  fluid  elaftic. 

Air  in  which  lead  has  been  calcined,  336.  applied  to  in- 
flammable and  burning  bodies,  and  to  lime  water,  337. 

Alkali  fixed  fofiile,  its  advantage  in  certain  experiments, 
256.  the  proportion  necefiary  to  faturate  a  given  quan- 
tity of  nitrous  acid,  ibid,  the  diminution  of  weight  ob- 
served during  its  folution  in  nitrous  acid,  257.  the  num- 
ber of  cubic  inches  of  elaftic  fluid  feparated  from  it,  258. 
compared  with  chalk,  259.  its  confHtuent  parts,  169. 
its  folution  in  lime-water,  261.  diminution  in  its  fpeci- 
fic  gravity  by  folution,  263.  the  increafe  of  weight 
which  lime  gains  in  this  folution,  ibid,  the  quantity  of 
lime  necefiary  to  render  a  certain  portion  of  it  perfectly 
cauflic,  264.    the  precipitation  of  lime  by  it,  282. 

Alkali  fofiile  cauftic,  its  combination  with  lime  produces  a 
feparation  of  elaftic  fluid,  160.  means  to  reftore  to  it 
fixed  air  after  it  has  been  deprived  of  it  by  lime,  277. 
to  reftore  its  fpecific  gravity,  278.  to  give  it  the  property 
of  efFervefcence,  ibid,  it  precipitates  lime  and  calcareous 
earth  diflblved  in  acids,  283.  precipitates  under  the  form 
of  calcareous  earth,  the  alkaline  earth  diflblved  by  the 
elaftic  fluid,  376. 

Alkali  volatile  concrete,  its  folution  in  the  nitrous  acid,  270. 
proportion  necefiary  to  faturate  a  given  quantity  of  the 
nitrous  acid,  ibid,  its  lofs  of  weight  during  folution, 
271 .  the  number  of  cubic  inches  of  elaftic  fluid  fepara- 
ted by  its  folution  in  the  nitrous  acid,  ibid,  its  folution 
in  water  and  combination  with  lime,  272,    diminution 

of 
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of  the  fpecific  gravity  of  the  folution,  273.  ought  to  be 
lighter  than  diftilled  water,  ibid,  the  quantity  of  lime 
neceffary  to  reduce  it  to  a  cauftic  ftate,  275.  lime  takes 
from  it  the  property  of  eifervefcence,  ibid,  feparates 
fomething  from  it,  ibid,  precipitates  calcareous  earth  or 
lime  under  form  of  chalk,  283.  precipitates  calcareous 
earth  diffolved  by  the  elaftic  fluid,  376. 

Alkali  volatile  cauftic  is  rendered  fo  by  lime,  272.  itsfpeciiic 
gravity,  279.  precipitates  calcareous  earth  diffolved  in  the 
nitrous  acid,  280.  precipitates  calcareous  earth  diffolved 
by  the  elaftic  fluid,  376. 

Animals,  conjectures  upon  the  caufe  of  their  death  in  fixed 
air  and  in  diminifhed  air,  352. 

Apparatus  proper  to  meafure  the  quantity  of  fixed  air  fepa- 
rated  by  different  combinations,  224. 

another  for  the  reduction  of  metals  by  a  burning 

glafs,  299. 

for  the  fame  operation  by  means  of  a  furnace  heat, 


to  obtain  fixed  air  in  a  pure  ftate  from  effervef- 

cence,  343. 

to  meafure  it  in  bottles  and  to  keep  it,  346. 

to  decant  it,  347. 

to  combine  it  with  any  liquor  you  judge  proper, 


54S. 


Burning 


INDEX.  465 


Burning  of  phofphorus,  diminution  of  the  bulk  of  air  re- 
fusing from  it,  377.  different  circumftances  attending 
it  in  vacuo,  399. 

Burning  of  Sulphur  in  vacuo,  400. 


Calcination  of  metals  in  general,  297.  cannot  take  place 
in  clofe  veffels  entirely  deprived  of  air,  298.  this  opera- 
tion is  made  with  difficulty  under  a  receiver,  339.  it  is 
accompanied  with  a  diminution  in  bulk  of  the  air  in 
which  it  is  performed,  ibid,  diminution  proportioned 
to  the  increafe  of  weight  in  the  metal,  ibid,  increafe 
owing  to  the  fixation  of  elaftic  fluid,  339. 

Calcination  of  lead  by  a  burning  glafs,  327.  diminifhes  air 
329  the  fame  operation  under  a  receiver  immerfed  in 
me    ary,    333,    increafe  in  weight  of  the   metal,    335. 

Calcination  of  a  mixture  of  lead  and  tin  by  a  burning  glafs, 
331.    diminifhes  air,  ibid. 

Calcination  of  tin  by  a  glafs,  330.  diminution  in  bulk  of 
the  air,  ibid,    increafe  of  weight  in  the  metal,  ibid. 

Calx  of  lead,  fee  minium, 

Chalk,  its  folution  in  the  nitrous  acid,  222.   the  quantity 

neceffary  tofaturate  a  given  portion  of  nitrous  acid,  223. 

the  lofs  of  weight  during  its  folution  in  the  nitrous  acid, 

H  h  ibid. 
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ibid,  how  many  cubic  inches  of  elaftic  fluid  it  contains, 
224.  its  condiment  parts,  237.  to  make  artificial  chalk, 
239.    does  not  differ  from  true  chalk,  241. 

Charcoal,  the  quantity  neceflary  for  the  reduction  of  metals  by 
the  burning  glafs,  314.  the  feparation  of  elaftic  fluid  in 
the  reduction  of  minium,  is  not  owing  to  it,  318.  experi- 
ments to  prove  that  it  has  ibme  ihare  in  it,  320. 
its  calcination  in  a  gun-barrel,  ibid,  the  quantity  of  fix- 
ed air  feparated  from  it,  ibid,  its  diminution  in  weight, 
322. 

Copper  diflblved  in  the  nitrous  acid,  its  combination  with 
water  impregnated  with  fixed  air,  371.  its  mixture  with 
a  folution  of  calcareous  earth  by  fixed  air,  374. 

Copper  diflblved  in  the  vitriolic  acid,  its  combination  with 
water  faturated  with  elaftic  fluid,  371.  its  mixture  with 
a  folution  of  calcareous  earth  by  fixed  air,  375. 


D: 


Detonnation  of  nitre  and  fulphur  in  vacuo. 


Earth  alkaline,  the  quantity  of  it  contained  in  chalk,  238. 
may  exift  in  three  ftates,  251.  all  fpars  do  not  contain 
an  equal  weight  of  it,  note  of  page  254.  how  much  is 
contained  in  kali,  260. 

Earth  calcareous,  its  folution  in  water  impregnated  with 

fixed 
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fixed  air,  250.  in  the  nitrous  acid,  281.  its  precipita- 
tion by  the  foffile  alkali,  282.  its  .increafe  in  weight, 
ibid,  it  is  then  in  the  Hate  of  calcareous  earth  or  chalk, 
ibid,  its  precipitation  by  the  cauftic  foffile  alkali,  283. 
it  is  then  in  the  ftate  of  lime,  284.  its  precipitation  by 
the  concrete  volatile  alkali,  ibid,  its  increafe  in  weight, 
285.  is  then  in  a  ftate  of  calcareous  earth,  ibid,  the  vo- 
latile cauftic  alkali  does  not  precipitate  calcareous  earth 
diflblved  in  acids,  ibid,  the  precipitation  of  mercury  by 
calcareous  earth,  292.  the  precipitation  of  iron,  294. 
the  folution  of  calcareous  earth  by  the  elaftic  fluid,  com- 
bined with  different  tefts,  295. 
Ejfer<vefcence  has  a  place  in  all  metallic  reductions,   297* 


F. 


Fluid  elaftic,  the  number  of  cubic  inches  of  it  feparated 
from  chalk,  238.  the  quantity  of  it  contained  in  flaked 
lime,  241.  in  chalk,  ibid,  its  combination  with  lime, 
242.  its  combination  with  lime  water,  ibid,  precipitates 
lime  water  ibid,  the  quantity  of  it  contained  in  fpar, 
254.  number  of  cubic  inches  of  it  contained  i-n  a  given 
quantity  of  the  foffile  alkali,  257.  its  gravity,  ibid,  its 
paffiage  from  the  foffile  alkali  into  lime,  262.  increafes 
the  weight  of  lime,  ibid,  the  number  of  cubic  inches  of 
it  feparated  from  a  given  quantity  of  the  volatile  alkadi 
by  its  folution  in  the  nitrous  acid,  270.  its  weight  re- 
duced to  a  cubic  inch,  272.  its  paflage  from  the  volatile 
alkali  into  lime,  273.  increafes  the  weight  of  lime 
H  h  2  into 
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'  into  which  it  paffes,  276  &  feq.  is  always  found  in  the 
fame  quantity  whether  in  lime  or  the  volatile  alkali,  278. 
may  be  combined  with  metallic  fubftances,  297.  exifts 
in  metallic  calces,  means  to  obtain  it,  299.  the  quantity 
of  it  feparted  in  the  reduction  of  minium  by  a  burning 
glafs,  301.  in  a  retort,  309.  in  a  gun  barrel,  319. 
experiments  to  determine  the  quantity  of  elaftic  fluid  dif- 
charged  from  metallic  calces,  324.  conjectures  on  the 
exiftence  of  a  particular  kind  of  it,  contained  in  common 
air,  325.  means  to  obtain  it  in  a  pure  ftate  from  efter- 
vefcence,  342.  method  to  bottle  it,  and  preferve  it  a 
long  time  without  alteration,  346.  apparatus  to  decant 
ifi,  347.  to  pafs  it  into  what  liquor  you  judge  proper, 
348.  the  effect  of  that  difcharged  from  efrervefcence,  and 
that  from  calx  of  lead,  upon  animals,  351,  conjectures 
on  its  effects,  352.  the  effect  of  thefe  two  fluids  on  in- 
flammable bodies,  ibid,  their  paflage  through  lime  water, 
355.  a  part  combines  with  the  lime  and  precipitates  it, 
357.  the  effect  of  that  portion  which  is  not  abforbed  by 
the  lime,  upon  animals  and  inflammable  bodies,  358. 
reflections  on  the  quantity  of  elaltic  fluid  abforbed  by 
lime  water,  360.  an  intenfe  and  long  continued  cold 
does  not  change  the  nature  of  it,  365.  is  not  lefs  noxious 
to  animals,  extinguishes  candles,  and  precipitates  lime 
water,  368.  that  from  effervefcence  and  metallic  calces 
are  much  the  fame,  ibid,  they  both  contain  a  portion  of 
air  analogous  to  common  air,  ibid,  not  poflible  to  de- 
cide whether  thefe  two  fluids  compofe  our  atmofphere  or 
not,  369,  for  its  combination  with  water,  fee  water  im- 
pregnated with  fixed  air* 

Gold 
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G. 

Gold  diflblves  in  aqua  regia,  371,  its  combination  with 
water  impregnated  with  fixed  air,  ibid,  its  mixture  with 
a  folution  of  calcareous  earth  by  fixed  air,  376. 

Gun  barrel,  its  ufe  in  reductions,  319  &  feq. 

—  powder  does  not  explode  in  vacuo,  400. 


H. 


Hydrometer,  proper  to  determine,  with  very  great  nicety ; 
the  fpecific  weight  of  fluids,  242. 


I. 


Increafe  in  weight  of  lime,  difTolved  by  acids,  and  precipi- 
tated by  an  alkali  that  contains  air,  282. 

Increafe  in  weight  of  lead  by  calcination,  317.  what  it 
arifes  from,  318. 

Increafe  in  weight  of  burning  phofphorus  not  owing  to  water, 
383.  it  arifes  from  its  combination  with  the  air,  orelaftic 
fluid  contained  in  the  air,  Hid. 

Inflammable  bodies  ceafe  to  burn  in  fixed  air,  354.  do  not 
burn  in  air  from  metallic  reductions,  355. 

Iron,  proportion  necefTary  to  faturate  a  given  quantity  of 
nitrous  acid,  293.  its  folution  in  that  acid,  ibid,  lofs  of 
weight  during  its  folution,  294.  its  precipitation  by  cal- 
careous earth  and  by  lime,  ibid,  weight  of  the  precipi- 
H  h  3  tate, 
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tate,  295.  the  combination  of  iron  diflblved  in  the  vitri- 
olic acid  with  water  impregnated  with  fixed  air,  371. 
the  fame  with  calcareous  earth  diflblved  by  fixed  air, 
373.  its  combination  when  diflblved  in  the  nitrous  acid 
with  fixed  air,  375.  the  fame  with  a  folution  of  calca- 
reous earth  by  fixed  air,  376. 


Leady  what  its  increafe  of  weight  in  calcination  is  owing  to, 
316.  its  calcination  by  a  burning  glafs,  327,  diminu- 
tion of  the  bulk  of  air  in  which  it  has  been  calcined  with 
tin,  332.  its  calcination  under  a  receiver  inverted  in 
mercury,  333.  diminution  of  the  bulk  of  air,  335.  in- 
creafe in  weight  of  its  calx,  336.  the  efFed  of  air  in 
which  lead  has  calcined  upon  inflammable  bodies,  and 
lime  water,  336  and  337.  its  combination  when  diflblv- 
ed in  the  nitrous  acid  with  water  impregnated  with  fixed 
air,  371.  the  fame  with  a  folution  of  calcareous  earth  by 
fixed  air,  372.  for  reduction  of  the  calx  of  lead,  fee  mi- 
nium. 

Lime,  how  much  water  is  neceflary  to  extinguish  it,  230. 
its 'flaking  in  vacuo,  232.  its  folution  in  the  nitrous 
acid,  233.  proportion  neceflary  to  faturate  a  given  por- 
tion of  nitrous  acid,  234.  its  lofs  of  weight  during  the 
folution,  ibid,  the  number  of  cubic  inches  of  elaftic  fluid 
feparated  from  it  by  the  folution,  235.  its  coniiituent 
parts,  237.  its  converfion  into  chalk,  239.  contains 
matter  of  fire,  252,  retains  it  after  it  has  been  flaked, 

ibid. 
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ibid,  its  caufHcity  is  not  derived  from  this  fiery  matter, 
240.  acquires  from  the  foffile  alkali  the  property  of  effer- 
vefcence,  262.  mixt  with  a  folution  of  foda  dirninifhes  it 
in  weight,  263.  acquires  itfelf  an  increafe  of  weight, 
265.  attracts  fixed  air  from  kali,  ibid,  the  quantity  of 
lime  neceffary  entirely  to  deprive  foda  of  its  fixed  air, 
263.  combined  with  a  folution  of  the  volatile  alkali  lofes 
weight,  272.  the  quantity  of  lime  neceifary  to  reduce  a 
folution  of  the  volatile  alkali  to  a  perfect  Hate  of  caufli- 
city,  275,  its  precipitation  by  the  foffile  alkali  when  dif- 
folved  in  the  nitrous  acid,  282.  the  precipitate  is  in  a 
itate  of  calcareous  earth,  283.  precipitation  by  the  cauflic 
foffile  alkali,  ibid,  increafe  in  weight,  ibid,  the  Hate  of 
the  precipitate,  284.  precipitation  by  the  volatile  con- 
crete alkali,  285.  increafe  of  weight,  ibid,  its  Hate  after 
precipitation,  286.  the  volatile  cauftic  alkali  does  not 
caufe  any  precipitation  of  lime  difTolved  in  the  nitrous 
acid,  285.  the  precipitation  of  mercury  by  it,  292.  of 
iron,  293. 
Lime  water,  its  fpecific  gravity,  247.  its  combination  with 
water  impregnated  with  fixed  air,  ibid,  may  be  brought 
back  to  the  weight  of  diflilled  water  by  fixed  air,  248. 
abforbs  a  portion  of  fixed  air  from  effervefcence,  and 
from  metallic  reductions,  357.  what  remains  unabforbed 
is  partly  common  air,  ibid,  is  not  fo  fatal  to  animals,  but 
extinguifh.es  flame,  358. 


Mercury, 
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Mercury,  proportion  necefTary  to  faturate  a  given  quantity 
of  nitrous  acid,  290.  its  folution  in  that  acid,  ibid,  in- 
creafe  of  weight  by  the  folution,  291.  its  precipitation 
by  chalk  and  lime,  292.  weight  of  the  precipitate,  293. 
combination  of  mercury  difTolved  in  the  nitrous  acid 
with  water  impregnated  with  fixed  air,  371.  the  lame 
combination  with  a  folution  of  calcareous  earth  by  fixed 
air,   372. 

Metals,  in  general  have  a  nearer  affinity  with  acids  than 
with  fixed  air,  372. 

Minium,  its  reduction  by  the  burning  glafs,  299.  vapour 
which  arifes  in  the  operation,  301.  feparation  of  fixed 
air,  302.  quantity  of  coal  necefTary  to  reduce  it,  ibid. 
the.  inconvenience  of  the  burning  glafs  in  this  operation, 
303.  apparatus  for  the  purpofes  of  preparing  it,  and  to 
meafure  the  quantity  of  air  feparated,  304.  difficulties 
in  the  choice  of  retorts,  306.  defcription  of  retorts,  307. 
quantity  of  fixed  air  feparated,  309.  lofs  of  weight,  312. 
feparation  of  water,  313.  comparative  weight  of  lead 
to  minium,  ibid,  the  reduction  of  minium  in  a  gun-bar- 
rel, 322.  obfervations  on  this  reduction,  323.  the  effect 
of  the  elaftic  fluid  feparated  from  minium,  fee  fluid  elaf- 
tic.  ,  * 

N. 

Nhre  and  fulphur  do  not  detonnate  iri  vacuo  401. 

Phlogifton 
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Phlogifton  combined  with  liquors  diminimes  their  fpecifie 
gravity,  265.  example  in  fpirit  of  wine  and  oils,  ibid. 

Fhofphoriis}  its  burning  under  a  receiver  inverted  in  water, 
377-  a  grain  °^  'lt  abforbs  two  or  three  inches  of  air, 
378.  the  abforption.  by  its  burning  is  about  *  379.  what 
remains  after  its  combuffcion,  380.  its  burning  under  a 
receiver  inverted  in  mercury,  380.  phofphoric  acid,  385. 
the  quantity  which  may  be  burned  in  a  certain  bulk  of 
air,  381.  its  increafe  in  weight  during  burning,  383. 
this  increafe  is  owing  to  water  contained  in  the  air,  386. 
confequences  refulting  from  it,  ibid,  experiments  to 
prove  the  diminution  in  bulk  of  the  air  is  not  owing  to 
the  abforption  of  water,  387.  the  combuftion  of  phof- 
phorus  in  an  atmofphere  of  water  reduced  into  vapours, 
388.  obfervations  whether  the  increafe  of  weight  be  ow- 
ing to  an  acid  in  the  water,  392.  confequences  of  fup- 
pofmg  the  increafe  of  weight  is  owing  to  the  phofphoric 
acid,  393.  phofphorus  does  not  burn  in  vacuo,  399. 
effed  of  air  in  which  it  has  burned  upon  animals,  402. 
upon  wax  lights,  ibid,  its  mixture  with  elaflic  fluid, 
404. 

Precipitation  of  metals  by  calcareous  earth  and  chalk,  294. 

R. 

Retorts  for  the  redu&ion  of  the  calx  of  lead,  309. 

Silver 
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Silver  diflblved  by  the  nitrous  acid.,  its  combination 
with  water  impregnated  with  fixed  air,  371,  its  mixture 
with  a  folution  of  calcareous  earth  by  fixed  air,  373. 

Spar,  diminution  in  weight  by  its  folution  in  the  nitrous 
acid,  note  of  255.  proportion  of  nitrous  acid  necefTary 
to  faturate  a  given  quantity  of  it,  ibid,  quantity  of  elaflic 
vapour  it  contains,  ibid,  different  parcels  contain  diffe- 
rent portions  of  alkaline  earth  and  fixed  air,  ibid. 

Subfiances  metallic,  fixed  air  combines  with  them  by  preci- 
pitation, 289.  their  combination  with  fixed  air,  297. 
it  is  from  this  fluid  they  owe  their  increafe  of  weight 
during  calcination,  298. 

Sulphur  does  not  burn  in  vacuo,  400.  combined  with  nitre 
does  not  detonnate  in  vacuo,  401. 

Syrup  of  violets,  its  combination  with  water  impregnated 
with  fixed  air,  372.  its  mixture  with  calcareous  earth 
difTolved  by  fixed  air,  373. 


Tin  its  calcination  by  the  burning  glafs,  330.  diminution 
in  bulk  of  the  air  in  which  it  has  calcined,  ibid,  increafe 
in  weight,  ibid,  its  calcination  with  lead,  331.  dimi- 
nution of  the  air,  ibid,   increafe  of  weight,  ibid. 

Vitriol 
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V. 


Vitriol  of  copper,  its  combination  with  water  impregnated 
with  elaftic  fluid,  371.  with  a  folution  of  calcareous 
earth  by  fixed  air,  373. 

Vitriol  of  iron,  its  mixture  with  water  and  fixed  air,  371. 
with  a  folution  of  calcareous  earth  by  fixed  air,  373. 

Vitriol  of  zinc,  its  combination  water  impregnated  with 
fixed  air,  371.  with  a  folution  of  calcareous  earth  by  fix- 
ed air,  373. 

W. 

Water  the  quantity  of  it  contained  in  flaked  lime,  237.  in 
chalk,  procefs  to  fupply  it  with  fixed  air,   239. 

kali  contains  it,  261.  minium  contains   a  little  of  it,, 

Water  impregnated  with  elaftic  fluid,  procefs  for  it,  245. 
its  fpecific  gravity,  247.  its  combination  with  lime 
water,  248.  diflblves  calcareous  earth,  370.  its  mixture 
with  different  tells,  371.    with  fyrup  of  violets,  ^2. 

Water  impregnated  with  elaftic  fluid  and  faturated  with  cal- 
careous earth,  its  combination  with  different  tefts,  372. 

Water  lime,  fee  lime  water. 


Zinc  diflblves  in  the  vitriolic  acid,  371.  its  combination 
with  water  impregnated  with  fixed  air,  ibid,  with  a  fo-, 
lution  of  calcareous  earth  by  fixed  air,  373. 


